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EXECUTIVE SUMMARY 
 
Trellis drying is one technology which allows dried grape producers to mechanise harvest 
and pruning operations, resulting in cost savings. Achieving adequate coverage of all berries 
with drying emulsion is essential for the production of high quality trellis dried grapes. 
Therefore, improvements in the application of drying emulsion are constantly being sought 
to improve quality and reduce production costs. The surface tension of spray droplets limits 
the spreading of drying emulsion on berries. Recent studies have shown that an oil-soluble 
alkyl silicone adjuvant “Breakthru TurboDry” (TD) can increase the spread of drying 
emulsion. However, further investigation was required to test whether a water-soluble 
organosilicone adjuvant (S240) can be used to further improve the spreading of drying 
emulsion and reduce the spray volume required without loosing the quality of dried grapes 
produced.   
 
At the beginning of the project, physical and chemical properties of TD and S240 were 
evaluated by Plant Protection Chemistry New Zealand. Before commencing field trials in 
2005, the phytotoxic effects of Mistral oil and S240 were evaluated on the key variety, 
Sultana. A number of statistically designed and replicated trials were conducted on growers 
properties in 2005 and 2006 to confirm whether:  
 Adding S240 to different emulsion mixtures improves the spread of emulsion and the 

consistency of colour of dried grapes. 
 Volumes of drying emulsion used can be reduced to the extent that no recycling is 

required. 
 
Further to the replicated research trials, in 2005, seven growers from Sunraysia area with 
varying property management regimes also conducted trials on their vineyards to gather 
broader information about the effectiveness of TD to improve drying efficiency of grape 
bunches.  
 
The key findings of the trials were: 
• Mistral oil and S240 did not cause any phytotoxicity to young grape shoots.  
• Covering of berries inside tight bunches was not affected by the use of adjuvants or 

reduction of volume compared with the control. 
• In general, the loss of moisture from grape berries in the early stage of drying (within 

first 10 days after spraying) was accelerated by the use of double strength emulsion 
containing adjuvants, TD or S240. However, it was not proven conclusively whether the 
use of these adjuvants produced better fruit.  

• Similar quality dried grapes (in terms of moisture and colour) were produced by 
applying lower volumes (as low as 4,000 L/ha) of emulsion with or without adjuvants 
compared with the control.  

• Up to $180/ha can be saved by driving a standard wetting machine faster (4.0 km/h) and 
using smaller size nozzles spraying double strength emulsion without adjuvants.  

• Cost of using an organosilicone adjuvant S240 with drying emulsion will outweigh any 
potential benefit. 

 
Industry perceived economic gain by using adjuvant with drying emulsion may not be 
realised. A thorough economic analysis is suggested before recommending the use of any 
adjuvant. It appears potential cost saving is possible through reduction of emulsion volume 
which can be achieved by applying at a faster rate and using appropriate nozzle setting. 
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Application of low volume will allow the use of a simple and cheap wetting machine (as 
there is no need for recycling) resulting in further savings in capital and maintenance costs.  
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BACKGROUND 
 
A two year (July 2002 to June 2004) project titled “Quality gains by improving the evenness 
and efficiency of drying grape bunches” funded by Horticulture Australia Limited (HAL) 
and Victorian Department of Primary Industries (DPI) evaluated the effects of three alkyl 
silicones on spreading of potash-oil emulsion (drying emulsion). The aim of this project was 
to develop non-phytotoxic formulations that improve the coverage of emulsion sprays on 
grape bunches. The expectation was that better coverage should lead to increased fruit 
quality, reduced spray volumes and be more labour efficient, plus greater profits for 
growers. 
 
The 2003 trials showed that oil-soluble alkyl silicone adjuvant “Breakthru TurboDry” (TD) 
improved fruit quality under difficult (wet weather) drying conditions. The 2004 trials 
confirmed that adding TD to drying emulsion, in a season with ideal drying conditions, 
resulted in an equivalent fruit quality at lower production cost than current practices 
(MacGregor and Gaskin 2004). 
 
Early in the first 2-year (July 2002 to June 2004) project (HAL project DG02001) the industry 
proposed a second phase to the research to explore whether a water-soluble organosilicone 
can also be added to potash-oil emulsion to further (and dramatically) reduce application 
costs, remove the need to use specialised wetting machines to apply drying oil, while 
maintaining or further improving fruit quality. The second phase of the research also wanted 
to test whether reducing the spray volumes required to saturate bunches and increasing the 
speed of spray application (by increasing the ground speed) would still produce good 
quality dried grapes at reduced costs.  
 
Consequently, the project, “Further improve drying efficiency of bunches” was funded by 
HAL and DPI from July 2004 to June 2006.  
 
OBJECTIVE  
 
Explore whether a water-soluble organosilicone adjuvant can also be added in conjunction 
with TD to drying emulsion to further (and dramatically) reduce application costs, remove 
the need to use specialised wetting machines to apply drying emulsion, while maintaining or 
further improving fruit quality. 
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1.0 INTRODUCTION 
 
Australia produces juicy golden sultanas and other quality dried grape products for which 
until recently it received premium prices on domestic and overseas markets.  However, 
Australian growers are in vigorous competition with other dried grape producing countries 
with cheaper labour. To meet these challenges Australian dried grape growers must produce 
quality fruit at a competitive price. As a result, there are pressures on growers to mechanise 
their production methods to save on labour costs.  
 
Trellis drying is one technology which allows dried grape producers to mechanise harvest 
and in some cases pruning operations resulting in cost savings in the order of 30%.  
Achieving adequate coverage of all berries with drying emulsion (a mixture of oil, potash 
and water) is essential for the production of high quality, trellis-dried grapes. The drying 
emulsion helps to modify the outer wax layer on berries so that its permeability to water is 
increased and accelerates drying, thus producing high quality, light coloured berries 
(Chambers and Possingham 1963).  
 
The volume of spray applied is generally high (22,000 – 33,000 L/ha) and is influenced by the 
crop load and its ability to penetrate fruit through the canopy (Mollah et al 2000). Losses are 
reduced by catching and recirculating about two-third of the run-off (Fig. 1a) using spring-
loaded fish plates and bilge pumps on the spray applicator (wetting machine) with a hood 
enclosing top and sides of vine canopy being sprayed. However, the run-off loss continues at 
diminishing rates for a while after the emulsion application (fig. 1b). The hood assists to 
minimise drift and run-off losses. However, the net amount used on the vine is between 
7,000 L/ha and 11,000 L/ha which typically costs $295/ha for oil and potash (MacGregor 
and Gaskin 2004).  
 

 
Figure 1a. Extent of emulsion run-off immediately after the application. 
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Figure 1b. Diminished rate of emulsion run-off from vines after the passing of fish-plates 

for recycling. 
 
It has been calculated as an example that a vineyard with row length of 200 m, ground speed 
for spray application of 1.5 km/h and tank size of 2000 L would generate an additional $456 
/ha in non-chemical costs. In total spray application would cost $751 per hectare (MacGregor 
and Gaskin 2004). In addition to these costs growers needs to accommodate high finish 
drying costs, and loss in revenue for poor quality fruit when grapes dry unevenly due to lack 
of emulsion coverage on sheltered bunches and inside the tight bunches.  Therefore, 
improvements in the application of drying emulsion are constantly being sought to improve 
quality and reduce production costs. 
 
The surface tension of spray droplets limits the spreading of drying emulsion on berries and 
penetration of emulsion inside tight bunches (Fig. 1c). Studies have proven that adjuvant TD 
increases the spread of drying emulsion (MacGregor and Gaskin 2004). However, further 
investigation was required to test whether a water-soluble organosilicone can be used to 
further improve the spreading of drying emulsion and reduce the spray volume without 
loosing the quality of dried grapes produced.  
 
This publication reports the detailed methodology, results and discussion of the findings of 
project DG04002, “Further improve the drying efficiency of bunches”.  
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Figure 1c. Tight bunches of sultana – difficult to cover inside berries with drying 

emulsion. 
 
2.0 TRIALS 2005 
 
2.1 Introduction 
 
In 2004, Plant Protection Chemistry New Zealand (PPCNZ) conducted laboratory tests on 
physical and chemical properties of selected alkyl silicone and organosilicone adjuvants to 
provide prescriptions for choices and rates of adjuvants to include in field trials. 
 
Based on the field trial prescriptions by PPCNZ, a number of trials were conducted on 
growers’ vineyards by the project team. A number of growers also conducted trials on their 
vineyards based on the outcomes of 2002-2004 trials and following instructions from the 
project team. The details of 2005 laboratory and field trials with results are presented in this 
section. 
 
2.2 Laboratory trials 
 
Gaskin and Steele (2006) (see the Appendix) conducted a series of tests with the following 
aims:  
• Evaluate properties of drying oil emulsion mixture when mixed with both alkyl silicone 

(AS) and organosilicone (OS) adjuvants. 
• Quantify droplet spread on berries and investigate surface chemistry and interactions 

between berries and drying emulsion with AS and OS adjuvants, to optimise drying.  
• Identify appropriate dye tracers (oil and water-soluble) to use in field trials. 
• Provide recommendations for the use of AS and OS adjuvants and tracer dyes in field 

trials during harvest 2005. 



Further improve drying efficiency of bunches 

 10

 
2.2.1 Materials and methods – Laboratory tests  
For details, see the report “Laboratory evaluation to further improve emulsion spreading on grapes” 
by Gaskin and Steele (2006) (see the Appendix). 
 
2.2.2 Results - Laboratory tests 
For details, see the report “Laboratory evaluation to further improve emulsion spreading on grapes” 
by Gaskin and Steele (2006) (see the Appendix). 
 
2.2.3 Discussion - Laboratory tests 
For details, see the report “Laboratory evaluation to further improve emulsion spreading on grapes” 
by Gaskin and Steele (2006) (see the Appendix). 
 
2.2.4 Conclusions -Laboratory tests 
The following conclusions are adopted from the report, “Laboratory evaluation to further 
improve emulsion spreading on grapes” by Gaskin and Steele (2006) (see the Appendix). 
 
Adjuvants 
After mixing, the OS adjuvant S240 is stable in the alkaline conditions of drying emulsion 
sprays for at least 2 hours. A rate above 0.2% v/v in water increases the stability and super-
spreading ability of organosilicone adjuvant S240 in drying emulsions. S240 can be used in 
emulsions containing up to 2% drying oil. S240 has the potential to reduce spray volumes of 
drying emulsion applied to sultana grapes by up to 80%, which may remove the need for 
recycling the emulsion. The use of S240 in combination with TurboDry (AS adjuvant) may 
improve the spreading ability of drying emulsion. 
 
Dye tracer 
Tartrazine dye is a suitable tracer to include in drying emulsion sprays to monitor deposits 
on sultanas. It is stable in the spray solution and can be readily and consistently recovered 
from berry surfaces for up to 48 h after an application.  
 
Mistral oil 
A drying emulsion made up using Mistral oil spreads similarly to an emulsion made up 
using Victorian Drying Oil (VDO) on grapes. However, the use of TD adjuvant in emulsions 
with Mistral oil did not increase the emulsions’ spreading ability to the same extent as it did 
in emulsions with VDO. Temperature (20° vs 35°C) had no effect on spread.  
 
2.3 Phytotoxicity trials for adjuvant 
 
We know that drying emulsion alone causes phytotoxicity to young vine shoots (MacGregor 
and Gaskin 2004). However, investigations were required to determine whether the addition 
of adjuvants to drying emulsion would increase this phytotoxicity. Previous investigation 
showed TD had no effects on phytotoxicity (MacGregor and Gaskin 2004) but we still needed 
to know the effects of S240. Vines sprayed with high volume of emulsions containing S240 
may cause phytotoxic effects. This is because the reduction in emulsion surface tension, 
provided by S240, combined with the large spray volume, may permit undesirable stomatal 
infiltration of emulsion into young foliage (replacement canes for the following year).  
 
Consequently, before commencing the main field trials, a small scale field trial was 
conducted to ascertain whether concentrations and amounts of water-soluble (S240) plus oil-
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soluble (Turbo Dry) adjuvants with drying emulsion will cause phytotoxicity to young 
shoots of sultana vines grown for replacement canes. 
 
The specific aims were to answer the following questions: 
 

• Does S240 increase phytotoxicity of drying emulsion? 
• Does adding TD and S240 to drying emulsion increase its phytotoxicity? 
• Is there any effect of adjuvant concentrations on the phytotoxicity of either Mistral or 

VDO oil? 
• Does Mistral oil cause more or less phytotoxicity than VDO? 

 
2.3.1 Materials and methods – Phytotoxicity trial  
The key variety of dried grapes (Sultana) was used in this trial. Five non-stressed 
replacement shoots per panel (between two intermediate posts) were selected for each 
experimental plot. The four youngest leaves per shoot of at least 5 cm in diameter were 
targeted and treated. The shoot tip and leaves were sprayed from different angles including 
underneath the leaves using a hand-held sprayer. Pre-trial tests determined that 6ml of 
solution from the hand-held sprayer were required to saturate (up to the point of run-off) 
these four leaves. Spraying began at 5:30 pm and finished at 7:30 pm on 7th February 2005. 
The ambient temperature was 38°C. A total of 10 different treatments were used in this trial 
to test the potential phytotoxicity of S240 on grapevines (Table 2.3.1a). 
 
After 9 days (on 16 February 2005), samples collected from sprayed shoots were assessed for 
phytotoxic damage. The main criteria for assessment were “damaged leaf area categories” 
(Table 2.3.1b, Emmett, Magarey and Nutter 1997) and “appearance of damage” (Table 2.3.1c). 
In addition to these criteria, further growth of shoots and leaves were also assessed by 
counting new leaves and scoring ‘yes’ or ‘no’ to shoot growth. 
 
Table 2.3.1a Different treatments used in phytotoxicity trial. 
 

Trt. 
No. 

Treatment description % of oil in 
emulsion 

% of 
potash in 
emulsion 

% of TD in 
oil used in 
emulsion  

% of S240 in 
water used in 

emulsion 
1 VDO + potash (control) 1.0 1.2 None None 
2 VDO + potash + S240 - 0.1% 1.0 1.2 None 0.1 
3 VDO + potash + S240 - 0.2% 1.0 1.2 None 0.2 
4 VDO + potash + S240 - 0.5% 1.0 1.2 None 0.5 
5 VDO + potash + TD +S240 - 0.1% 1.0 1.2 5.0 0.1 
6 VDO + potash + TD +S240 - 0.2% 1.0 1.2 5.0 0.2 
7 VDO + potash + TD +S240 - 0.5% 1.0 1.2 5.0 0.5 
8 Mistral oil + potash 1.0 1.2 None None 
9 Mistral oil + potash + TD + S240 - 0.2% 1.0 1.2 5.0 0.2 

10 Mistral oil + potash + TD + S240 - 0.5% 1.0 1.2 5.0 0.5 
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Table 2.3.1b Percent of leaf area damaged, and an associated severity score (from 
Emmett, Magarey and Nutter 1997). 

 
Category 
Number 

Category range 
(% of leaf area damaged) 

Mean severity score 
(%) 

0 0 0 
1 > 0 – 1.60 0.80 
2 >1.60 – 3.20 2.40 
3 > 3.20 – 6.25 4.73 
4 > 6.25 – 12.50 9.40 
5 > 12.50 – 25.00 18.75 
6 > 25.00 – 50.00 37.50 
7 > 50.00 – 75.00 62.50 
8 > 75.00 – 87.50 81.25 
9 > 87.50 – 97.00 92.25 

10 > 97.00 – 100.00 100.00 
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Table 2.3.1c Score of leaf damage based on appearance. 
 
Photographic evidence of 
damage 

Description of 
damage 
appearance 
 

Score of leaf 
damage based 
on appearance 

 

-Minor burns 
(Burns around 
the edge of the 
leaf) 

1 

 

-Leaf curl 
(Puckering or leaf 
curl) 
 

2 

 

-Major burn 
(Necrotic spots on 
the leaf) 
 

3 

 

-Severe burn 
(Burn / damage 
on the leaf 
surface) 

4 
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2.3.2 Results – Phytotoxicity trial  
Statistical analysis of data have shown that the emulsions containing organosilicone adjuvant 
S240 or drying emulsion containing Mistral oil did not cause significant leaf damage 
compared with the damage caused by the traditional emulsion (control, treatment 1, Table 
2.3.2a). However, there were two exceptions: 1) treatment 2, caused significantly more 
damage on the youngest leaf and 2) treatment 9 (containing Mistral oil), caused significantly 
less damage on second youngest leaf compared with the control (Table 2.3.2a).  
 
The appearance of damages caused by treatments 2 and 9 were compared with the control, 
because these two treatments caused significantly different damage than the control (Table 
2.3.2a). Leaf damage appears (not statistically compared) to be more severe for treatment 2, 
but less severe for treatment 9, compared with the control (Table 2.3.2b). 
 
Table 2.3.2a Comparison of phytotoxic damage caused by different emulsions on young 

leaves (at least 5 cm in diameter). 
 

Natural log transformed values of mean 
damage to leaves based on severity scores 

Trt. 
No. 

Treatment description 

Youngest leaf at the 
tip of the shoot 

Second youngest leaf 
at the tip of the shoot 

1 VDO + potash (control) 1.31b 2.12a 
2 VDO + potash + S240 - 0.1% 1.95c 2.20a 
3 VDO + potash + S240 - 0.2% 1.44bc 1.90a 
4 VDO + potash + S240 - 0.5% 1.36bc 2.56a 
5 VDO + potash + TD +S240 - 0.1% 1.60bc 2.29a 
6 VDO + potash + TD +S240 - 0.2% 1.78bc 1.88a 
7 VDO + potash + TD +S240 - 0.5% 1.74bc 2.37a 
8 Mistral oil + potash 0.92ab 1.74a 
9 Mistral oil + potash + TD + S240 - 0.2% 1.28ab 1.22b 
10 Mistral oil + potash + TD + S240 - 0.5% 1.06ab 1.41a 
Least significant difference  0.62 (P = 0.044) 0.81 (P = 0.045) 
Means within each column followed by the same letter are not significantly different at respective level of 
significance (P values) for the column 
 
Table 2.3.2b Appearance of leaf damage for treatments 2 and 9. 
 

Proportion (%) of leaf samples in each damage 
appearance category (Table 2.3.1c) 

 

Minor 
burn 

Leaf curl Major 
burn 

Severe 
burn 

Control 30 0 45 25 Significantly more damage 
caused by treatment 2 on 
youngest leaf 

Treatment 2 10 5 45 40 

Control 15 20 40 25 Significantly less damage 
caused by treatment 9 on 
second youngest leaf Treatment 9 30 10 55 5 
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2.3.3 Discussion – Phytotoxicity trial  
In general, emulsions containing S240, TD or Mistral oil did not cause significantly different 
(P = 0.05) damage compared with the control (drying emulsion containing VDO and no 
adjuvants), (Table 2.3.2a). This finding indicates that the adjuvants TD and S240 and Mistral 
oil can be used in emulsion mixture without worrying about increased phytotoxicity to 
vines.  
 
2.3.4 Conclusions – Phytotoxicity trial  

• Mistral oil does not cause more phytotoxicity than Victorian drying oil (VDO). 
• S240 does not increase the phytotoxicity of drying emulsion containing either TD or 

S240.  
• Adding TD and S240 does not increase the phytotoxicity of drying emulsion. 
• Higher concentrations of S240 in drying emulsion either containing VDO or Mistral 

oil do not increase the phytotoxicity of drying emulsion. 
 
2.4 Field trials - 2005 
 
Four statistically designed and replicated field trials were conducted by DPI - Mildura on 
four different commercial vineyards in Sunraysia during February and March of 2005. 
Growers’ conventional vineyard sprayers were used in these trials. Aims of these trials were 
to confirm whether: 
 
 Adding the water-soluble organosilicone adjuvant S240 to different emulsion mixtures 

would improve the spread of emulsion and the consistency of colour of dried grapes. 
 Volumes of drying emulsion used for trellis drying can be reduced to the extent that 

drying emulsion can be effectively applied without recycling it. 
 
2.4.1 Materials and methods –Field trials 2005 
 
Trial 1 - Single-sided sprayer on Shaw swingarm trellis 
Sultana vines trained on standard Shaw swingarm trellis (Mollah et al 2000) were used in this 
trial. A single-sided sprayer (Figure 2.4.1a) fitted with high volume nozzles (with emulsion 
recycling facility) designed for Shaw swingarm trellises was used to spray emulsion at two 
different volumes (Table 2.4.1a). Six treatments were applied. Four replicates were on east- 
and four on west-facing fruiting sides of the trellises. 
 
Table 2.4.1a Treatment details for Trial 1 - spraying with a single-sided sprayer. 
 

Treatment Emulsion Adjuvant Volume 
applied 

Ground 
speed 

No. Description Oil 
(%) 

Potash 
(%) 

TD 
 

S240 
 

 
(L/ha) 

 
(km/h) 

1 Control (standard) - slow 0.5 0.6 Nil Nil 9,091 1.02 
2 Control + S240 + slow 0.5 0.6 Nil 0.3% in water 9,091 1.02 
3 Control + S240 + fast 0.5 0.6 Nil 0.3% in water 6,061 2.28 
4 Double strength + TD + fast  1.0 1.2 5.0% in oil Nil 6,061 2.28 
5 Double strength + S240 + fast  1.0 1.2 Nil 0.3% in water 6,061 2.28 
6 Double strength + TD + S240 + 

fast  
1.0 1.2 5.0% in oil 0.3% in water 6,061 2.28 
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Figure 2.4.1a Tartrazine dye being sprayed by a single-sided sprayer to assess the spray 

deposition on and inside the grape bunches. 
 
In this trial 0.5% tartrazine dye was included in the drying emulsion mixes to trace spray 
deposition on and inside the grape bunches. After applying all the treatments (Fig. 2.4.1a) 
pre-tagged fresh bunches (dry to touch surface) were removed from all treatment plots for 
inspection. In the laboratory, a sub-sample of 10 berries were removed from inside of each 
bunch and kept apart. The sub-sample of 10 berries and the remaining bunch were both 
weighed and washed separately with de-ionised water to rinse off the tartrazine dye. 
 
A GBC UV/Vis Spectrophotometer at 430 nm was used to read the colour of all rinsates. 
Readings were expressed as micrograms of tartrazine dye per gram of berry weight. 
 
Trial 2 – Air-blast sprayer on wide T trellis 
Sultana vines trained on 760 mm (30 inch) wide T-trellis with two fruiting wires (1.1 m high) 
and four foliage wires were used in this trial. Replacement canes were traditionally rolled on 
to the fruiting wire. An air-blast sprayer (Fig.2.4.1b) fitted with high volume spoon jet 
nozzles was used to spray different emulsion mixes at two different volumes (Table 2.4.1b). 
There was no facility to recycle the run-off emulsion. 
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Table 2.4.1b Treatment details for Trial 2 - spraying with an air-blast sprayer. 
 

Treatment Emulsion Adjuvant Volume 
applied 

Ground 
speed 

No. Description Oil 
(%) 

Potash 
(%) 

TD 
 

S240 
 

 
(L/ha) 

 
(km/h) 

1 Control (standard) - slow 0.5 0.6 Nil Nil 14,815 1.5 
2 Double strength - fast 1.0 1.2 Nil Nil 4,000 5.6 
3 Double strength + TD + fast 1.0 1.2 5.0% in oil Nil 4,000 5.6 
4 Double strength + 0.3% S240 + 

fast 
1.0 1.2 Nil 0.3% in water 4,000 5.6 

5 Double strength + TD + 0.3% 
S240 + fast 

1.0 1.2 5.0% in oil 0.3% in water 4,000 5.6 

6 Double strength + 0.5% S240 + 
fast 

1.0 1.2 Nil 0.5% in water 4,000 5.6 

 
 

 
 
Figure 2.4.1b. The air-blast sprayer being used to apply drying emulsion. 
 
Trial 3 - standard over-the-row wetting machine on Shaw swingarm trellis 
In this trial, a standard over-the-row wetting machine (Fig. 2.4.1 c) was used to spray sultana 
vines that were trained on standard Shaw swingarm trellis (Mollah et al 2000). The standard 
wetting machine consists of a hood which encloses the top and sides of the vine canopy and 
carries a series of adjustable nozzles at different positions. Nozzles are fed from an attached 
spray tank through a pump. The run-off emulsion from the vines is collected by spring-
loaded fish plates and side-mounted collecting troughs, then recycled back to the tank 
through electric bilge pumps or venturis.   
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Seven different treatments were applied in this trial (Table 2.4.1c).  
Table 2.4.1c Treatment details for Trial 3 - spraying with a standard over-the-row 

wetting machine. 
 

Treatment Emulsion Adjuvant Volume 
applied 

Ground 
speed 

No. Description Oil 
(%) 

Potash 
(%) 

TD 
 

S240 
 

 
(L/ha) 

 
(km/h) 

1 VDO oil - control 1.0 1.2 Nil Nil 5,000 4.0 
2 VDO oil + TD 1.0 1.2 5.0% in oil Nil 5,000 4.0 
3 VDO oil + S240 1.0 1.2 Nil 0.3% in water 5,000 4.0 
4 Mistral oil - control 1.0 1.2 Nil Nil 5,000 4.0 
5 Mistral oil + TD 1.0 1.2 5.0% in oil Nil 5,000 4.0 
6 Mistral oil + S240 1.0 1.2 Nil 0.3% in water 5,000 4.0 

7 Mistral oil + S240 + fast 1.0 1.2 Nil 0.3% in water 3,000 6.5 
Note: Double strength emulsion was used in all treatments. 
 
In this trial, a double strength emulsion (1.0% oil and 1.2% potash) was used instead of the 
standard emulsion (0.5% oil and 0.6% potash) as the control. The wetting machines applying 
standard mixture of emulsion operate at a slow speed (usually between 1.0 and 1.5 km/h) 
and leave a large volume (typically 10,000 L/ha) on the vine. The grower involved in this 
trial operates his machine at a significantly higher speed (4.0 km/h) than other growers 
leaving about 5,000 L/ha on the vines. However, he delivers the equivalent amount of oil 
and potash compared with the slow operation by applying double strength emulsion.  
 
The seven treatments were applied to four replicates. Two of the replicates were on a north 
facing fruiting side of swingarm trellis and the other two replicates were on a south facing 
fruiting side of the trellis. 

 
 
Figure 2.4.1c Standard wetting machine in action. 
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Trial 4 - new model of standard wetting machine on wide T-trellis  
A new model (spray tank built in to the hood) of standard over-the-row wetting machine 
(Fig. 2.4.1 d) was used to spray sultana vines that were trained on a wide tee (740 mm wide 
with two fruiting wires) trellis. Four treatments were applied in this trial (Table 2.4.1d). 
 
Table 2.4.1d Treatment details for Trial 4 - new model of standard wetting machine on 

wide T-trellis. 
 

Treatment Emulsion Adjuvant Volume 
applied 

Ground 
speed 

No. Description Oil 
(%) 

Potash 
(%) 

TD 
 

S240 
 

 
(L/ha) 

 
(km/h) 

1 Control (standard) - slow 0.5 0.6 Nil Nil 8282 1.34 
2 Standard + S240 + slow 0.5 0.6 Nil 0.3% in water 8282 1.34 
3 Double strength. + S240 + fast 1.0 1.2 Nil 0.3% in water 5846 2.6 
4 Double strength. + TD + S240 

+ fast 
1.0 1.2 5.0% in oil 0.3% in water 5846 2.6 

 
 

 
 
Figure 2.4.1d New model of the standard wetting machine in action. 
 
Sample collection and processing 
After drying on trellises, grapes were harvested mechanically into wooden bins. A sample 
for each treatment was collected from the bin to determine its moisture content and grade. 
An industry standard Dried Fruit Moisture Tester Meter (AOAC 1990) was used to 
determine moisture content. Each sample was hand-sorted into four colour categories (light-
amber, amber, brown and dark) and the percent in each category determined. Samples 
consisting of high percentage of light-amber and amber grapes are considered to be of high 
quality. The effects of treatments on colour categories and moisture content were compared 
statistically. 
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2.4.2 Results –Field trials 2005 
 
Trial 1 - Single-sided sprayer on Shaw swingarm trellis 
All treatments provided similar amount of emulsion to berries inside the centres of tight 
bunches (Fig. 2.4.2a). Emulsions containing adjuvants were as good as (but no better than) 
the control, regardless of volume applied (Fig. 2.4.2a).  
 

Figure 2.4.2a Mean coverage of inside and outside berries of a bunch by different 
emulsions. 

 
The coverage of remaining berries by emulsions containing adjuvants was slightly less than 
the control (Fig. 2.4.2a). 
 
There were no significant differences between treatments in terms of moisture content 
(around 12.7%) of fruit at the time of harvest, regardless of volume, strength of emulsion or 
whether emulsions contained any adjuvants. 
 
Deposits on the remaining berries in the bunch were greatest when the standard treatment 
(control) was applied and reduced by the addition of adjuvant and reducing the application 
volume. 
 
On average, the fruiting side of the trellises that faced west produced significantly (P = 0.05) 
higher percentage of light-amber fruit than east facing side (61.21% and 55.93% respectively). 
There was no significant treatment effect on any colour category (between columns for each 
colour category, Table 2.4.2a). All treatments produced high quality fruit, mostly light-amber 
and amber coloured fruit (Table 2.4.2a).  
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Table 2.4.2a Mean percentage of dried grapes in each colour category produced by 

different emulsion treatments. 
 

Treatment description (also see Table 2.4.1a) 

Colour 
category 

Control 
(standard) - 

slow 

Control + 
S240 + 
slow 

Control + 
S240 + fast 

Double 
strength + 
TD + fast 

Double 
strength + 

S240 + 
fast 

Double 
strength + 
TD + S240 

+ fast 
Light-amber  55.46 57.46 61.58 57.92 60.67 58.33 
Amber 33.25 28.12 27.96 31.88 31.71 30.62 
Brown 8.00 9.71 7.58 6.83 4.96 6.54 
Dark 3.46 4.75 2.87 3.37 2.67 4.50 
 
Trial 2 – Air-blast sprayer on wide T-trellis 
No treatment effect was significant (P = 0.05) on fruit moisture content at harvest (around 
11.3%) and colour category of dried grapes. An emulsion with double concentration (without 
any adjuvants) applied at 4,000 L/ha (Fig. 2.4.2b) was able to produce similar (not 
significantly different) quality fruit produced by standard application (14,815 L/ha, Fig. 
2.4.2c). All treatments in this trial also produced high quality fruit, mostly (around 80 %) 
light-amber and amber coloured fruit (data not presented).  
 
Trial 3 - standard over-the-row wetting machine on Shaw swingarm trellis 
None of the treatments significantly (P = 0.05) affected the fruit moisture content (around 
15.5%) at harvest or individual colour category comparison at harvest (Table 2.4.2b). 
Emulsions with or without any adjuvants and containing either VDO or Mistral oil 
performed similarly to each other (no significant difference) in terms of moisture content at 
harvest and colour produced. Reducing emulsion volume by 40% did not affect the fruit 
moisture content or colour (treatments 6 & 7, Table 2.4.1c). There was no significant 
difference (P = 0.05) in moisture content or colour between fruit dried on north facing and 
south facing trellises.  
 
Table 2.4.2b Generally even distribution of mean percentage of dried grapes in each 

colour category. 
 

Treatment description (also see Table 2.4.1c) 

Colour 
category 

Fruiting 
side 
facing 

 
VDO 
oil - 

control 

VDO 
oil + 
TD 

VDO 
oil + 
S240 

Mistral 
oil - 

control 

Mistral 
oil + 
TD 

Mistral 
oil + 
S240 

Mistral 
oil + 

S240 + 
fast 

North 28.78 25.78 31.28 26.11 25.28 24.11 27.61 Light-amber 
South 15.11 30.94 25.78 24.11 22.44 18.59 24.11 
North 14.06 24.23 24.90 25.06 24.23 26.40 26.56 Amber 
South 24.06 24.40 23.06 27.56 25.40 36.17 23.90 
North 28.99 24.99 20.16 24.32 24.82 24.99 21.32 Brown 
South 33.49 21.99 28.16 23.32 27.66 21.63 24.16 
North 23.67 25.67 24.50 25.00 24.50 28.17 24.50 Dark South 23.00 24.50 27.84 22.67 25.00 27.34 23.61 

 
Trial 4 - new model of standard wetting machine on wide T-trellis  
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In this trial, all the treatments containing adjuvants produced significantly lower fruit 
moisture content at the time of harvest compared with the control (Table 2.4.2c). All 
treatments containing adjuvants produced a significantly higher percentage of light-amber 
fruit but significantly low percentage of amber and brown fruit compared with the control 
(Table 2.4.2c). There were no significant treatment effects on mean percentage of dark fruit 
produced by each treatment (Table 2.4.2c). 
 
Table 2.4.2c Effects of different emulsion treatments on fruit moisture and colour. 
 

Treatment description (also see Table 2.4.1d) 

Colour category Control 
(standard) - 

slow 

 
Standard + 
S240 + slow 

Double 
strength. + 
S240 + fast 

Double 
strength. + TD 
+ S240 + fast 

Light-amber 34.58 46.17 46.00 47.19 
Amber 35.00 31.75 30.92 28.87 
Brown 20.08 13.08 13.42 13.24 
Dark 10.33 9.00 9.67 10.70 
Moisture content at harvest (%) 
 13.15a 12.34b 12.50b 12.06b 
Notes: 
1. Least significant difference (P= 0.05) to compare the means for fruit moisture content = 0.50.  
2. Least significant difference (P= 0.05) to compare the means for colour category of fruit (between and within 

each categories) = 5.2. 
3. Means followed by the same letter are not significantly different. 
 
2.4.2 Discussion – Field trials 2005 
From trial 1 it was clear that addition of adjuvants or 33% reduction in emulsion volume did 
not affect the emulsion penetration inside the bunches. This result only emphasised the fact 
that covering berries inside a tight bunch would always be a difficult matter. However, 
adding 0.3% S240 in standard emulsion (0.5% oil and 0.6% potash) and applying 6,061 L/ha 
at 2.28 km/h (instead of 1.02 km/h) still produced similar fruit to control (treatment 3, Table 
2.4.1a). However, whether the use of S240 can provide any economical gain (savings in 
labour, fuel, oil and potash) need to be evaluated (see Section 3.3.3).  
 
The overall bunch coverage (remaining berries, Fig. 2.4.2a) by treatment 3 (Table 2.4.1a) was 
significantly less than the control but produced significantly indifferent fruit to the control. 
This raises the question whether we are applying unnecessarily too much emulsion (waste) 
and wasting valuable labour and fuel. It should be noted that evaluation of berry coverage 
was limited only to trial 1 because of the cost of purchasing all of the dye-treated fruit. 
 
Trials 2 and 3 suggested that we are applying too much emulsion. In trial 2, results showed 
that the volume could be reduced by 73% to 4,000 L/ha (instead of 14,815 L/ha) when an 
emulsion of double strength (1.0% oil and 1.2% potash) with or without any adjuvant was 
applied at 5.6 km/h (Table 2.4.1b).  
 
In trial 3, the volume (double strength) was further reduced to 3,000 L/ha applied at 6.5 
km/h compared with 5,000 L/ha applied at 4.0 km/h (treatment 7, Table 2.4.1c) to produce 
significantly indifferent fruit to the control. However, overall quality of the fruit was reduced 
(50-55% light-amber and amber fruit) in this trial compared with other trials (80-90% light-
amber and amber fruit). Almost half of the fruit became brown and dark. The possible 
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reasons for that can be attributed to the large yield (11 tonne /hectare, difficult to wet 
bunches) compared with typical yield (5 – 7.5 tonne/hectare) of dried grapes.  
 
In trial 3, the performance of Mistral oil was compared with VDO oil and no significant 
difference was found. Many growers prefer Mistral oil believing it gives lighter fruit, 
however the myth was not supported by the trial results.  
 
Only in trial 4, results have shown that all treatments containing adjuvants (S240 and/or TD) 
produced significantly lighter fruit at low moisture than the control (Table 2.4.2c). It 
indicates that the adjuvants might have increased the spread of the emulsion and accelerated 
fruit drying which ultimately resulted in light-coloured fruit for this trial. However, the 
reason why that has happened only in trial 4 is unknown.  
 
2.4.4 Conclusion – Field trials 2005 
The hypothesis “adding organosilicone adjuvants to drying emulsion improves the spread of 
emulsion and the consistency of colour of dried grapes” was confirmed only in trial 4 and not 
supported by the other trials. However, trials have shown that good quality dried grapes can 
still be produced by applying significantly lower volumes of emulsion with or without 
adjuvants. The volume was successfully reduced by driving the sprayer faster (applying less 
on the vines) to the extent (as low as 4,000 L/ha) that drying emulsion can effectively be 
applied without recycling it. 
 
Covering of berries inside tight bunches was not affected by the use of adjuvants or 
reduction of volume of drying emulsion used.  
 
There was no significant difference between Mistral oil and traditionally used VDO oil in 
terms of grape drying.  
 
2.5 Growers’ trials- 2005 
Adding TD to emulsion improved fruit quality under difficult drying conditions in 2003, but 
in a season with ideal drying conditions in 2004, resulted in an equivalent fruit quality to the 
control at lower production cost (MacGregor and Gaskin 2004). The project steering 
committee decided to gather broader information and generate industry interest and 
involvement in finding cost-effective solutions to improve drying efficiency of grape 
bunches. 
 
Consequently, seven growers from Sunraysia area with varying property management 
regimes participated in field trials. They laid out their replicated trials following a template 
designed by the DPI research team. This section presents the details of each trial.  
 
2.5.1  Materials and methods - Growers’ trials- 2005 
 
The treatment details, ie. trellis type, wetting machine type, ground speed and spray volume 
applied on and retained by the fruit and vine canopy were specific to each grower’s vineyard 
(Tables 2.5.1a to 2.5.1g) 
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Grower 1 – Sultanas on T-trellises - standard wetting machine 
 
Table 2.5.1a Treatment details – grower 1: emulsion applied to Sultana vines on T-

trellises using a standard wetting machine. 
 

Treatment Emulsion Adjuvant Ground 
speed 

Estimated 
volume left on 

vines 
No. Description Oil 

(%) 
Potash 

(%) 
Turbo Dry 

(TD) 
 

 
(km/h) 

 
(L/ha)  

1 Control (standard) 0.5 0.6 Nil 1.2 8,125 
2 High conc. & low vol. + TD 1.0 1.2 5.0% in oil 2.4 4,000 

 
Grower 2 – Sultanas on Shaw swingarm trellises - standard wetting machine 
 
Table 2.5.1b Treatment details – grower 2: emulsion applied to Sultana vines on 

swingarm trellises using a standard wetting machine. 
 

Treatment Emulsion Adjuvant Ground 
speed 

Estimated 
volume left on 

vines 
No. Description Oil 

(%) 
Potash 

(%) 
Turbo Dry 

(TD) 
 

 
(km/h) 

 
(L/ha)  

1 Control (standard) 0.5 0.6 Nil 1.1 10,000 
2 High conc.& low vol. + TD 1.0 1.2 5.0% in oil 2.2 5,000 

 
Grower 3 – Sultanas on T-trellises - standard wetting machine 
 
Table 2.5.1c Treatment details – grower 3: emulsion applied to Sultana vines on T-

trellises using a standard wetting machine. 
 

Treatment Emulsion Adjuvant Ground 
speed 

Estimated 
volume left on 

vines 
No. Description Oil 

(%) 
Potash 

(%) 
Turbo Dry 

(TD) 
 

 
(km/h) 

 
(L/ha)  

1 Control (standard) 0.5 0.6 Nil 1.0 12,400 
2 Low conc.& high vol. + TD 0.5 0.6 5.0% in oil 1.0 12,400 
3 Low conc.& low vol. + TD 0.5 0.6 5.0% in oil 2.0 9,300 
4 High conc.& low vol. + TD 1.0 1.2 5.0% in oil 2.0 9,300 
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Grower 4 – Sun Muscat on two wire vertical trellises – air-blast sprayer 
 
Table 2.5.1d Treatment details – grower 4: emulsion applied to Sun Muscat vines on 

swingarm trellises using an air-blast sprayer. 
. 
 

Treatment Emulsion Adjuvant Ground 
speed 

Estimated 
volume left on 

vines 
No. Description Oil 

(%) 
Potash 

(%) 
Turbo Dry 

(TD) 
 

 
(km/h) 

 
(L/ha)  

1 Control (standard) 0.5 0.6 Nil 2 13,000 
2 Low conc.& high vol. + TD 0.5 0.6 5.0% in oil 2 13,000 
3 High conc.& low vol. + TD  1.0 1.2 5.0% in oil 4 8,000 
4 High conc.& Ex. low vol. + TD 1.0 1.2 5.0% in oil 6 3,000 

 
Grower 5 – Sultana on Shaw swingarm trellises – standard wetting machine 
 
Table 2.5.1e Treatment details – grower 5: emulsion applied to Sultana vines on 

swingarm trellises using a standard wetting machine. 
 

Treatment Emulsion Adjuvant Ground 
speed 

Estimated 
volume left on 

vines 
No. Description Oil 

(%) 
Potash 

(%) 
Turbo Dry 

(TD) 
 

 
(km/h) 

 
(L/ha)  

1 Control (standard) 0.5 0.6 Nil 1.5 9,850 
2 Low conc.& high vol. + TD  0.5 0.6 5.0% in oil 1.5 9,850 
3 High conc.& low vol. + TD 1.0 1.2 5.0% in oil 3.0 4,500 

 
Grower 6 – Sultana on Shaw swingarm trellises – standard wetting machine 
 
Table 2.5.1f Treatment details – grower 6: emulsion applied to Sultana vines on 

swingarm trellises using a standard wetting machine. 
 

Treatment Emulsion Adjuvant Ground 
speed 

Estimated 
volume left on 

vines 
No. Description Oil 

(%) 
Potash 

(%) 
Turbo Dry 

(TD) 
 

 
(km/h) 

 
(L/ha)  

1 Control (standard) 0.5 0.6 Nil 1.2 7,000 
2 Low conc.& high vol. + TD  0.5 0.6 5.0% in oil 1.2 7,000 
3 High conc.& low vol. + TD 1.0 1.2 5.0% in oil 2.4 3,500 
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Grower 7 – Sultana on Shaw swingarm trellises – standard wetting machine 
 
Table 2.5.1g Treatment details – grower 7: emulsion applied to Sultana vines on 

swingarm trellises using a standard wetting machine. 
 

Treatment Emulsion Adjuvant Ground 
speed 

Estimated 
volume left on 

vines 
No. Description Oil 

(%) 
Potash 

(%) 
Turbo Dry 

(TD) 
 

 
(km/h) 

 
(L/ha)  

1 Control (standard) 0.5 0.6 Nil 1.1 6,250 
2 Low conc.& high vol. + TD  0.5 0.6 5.0% in oil 1.1 6,250 
3 High conc.& low vol. + TD 1.0 1.2 5.0% in oil 2.2 3,125 

 
2.5.2  Results - Growers’ trials- 2005 
 
Grower 1 – Sultanas on T-trellises - standard wetting machine 
A treatment consisting of double strength emulsion and containing TD, which was applied 
at 4,000 L/ha instead of a typical rate of 8,125 L/ ha produced significantly (P = 0.05) more 
amber berries than the control (Table 2.5.2a). There was no significant difference in the 
moisture content at harvest between treatments (Table 2.5.2a). 
 
Table 2.5.2a Colour grading and moisture content of dried grapes produced by grower 1. 
 

Treatment (see Table 2.5.1a for details) Colour grading 
(Sample composition in terms of 
colour) 

1. Control (standard) 2. High conc.& low vol. + 
TD 

% of light-amber berries 53.75 49.42 
% of amber berries 31.67 40.67 
% of brown berries 10.33 8.92 
% of dark berries 4.25 1.00 
Moisture content at harvest 
(%) 10.98 10.68 
Notes:  

• LSDs at 5% level of significance to compare: a) means for treatment effects (between columns) is 6.77, b) 
means across colour grading within the same treatment level is 5.50. 

• LSD to compare moisture content = 0.50 
 
Grower 2 – Sultanas on Shaw swingarm trellises - standard wetting machine 
No significant differences were found between treatments in terms of moisture content at 
harvest and individual components of colour grading (Table 2.5.2b).  
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Table 2.5.2b Colour grading and moisture content of dried grapes produced by grower 2. 
 

Treatment (see Table 2.5.1b for details) Colour grading 
(Sample composition in terms of 
colour) 

1. Control (standard) 2. High conc.& low vol. + 
TD 

% of light-amber berries 11.9 10.8 
% of amber berries 71.9 75.7 
% of brown berries 10.9 10.7 
% of dark berries 5.3 2.8 
Moisture content at harvest 
 11.22% 11.09% 
Notes:  

• LSDs at 5% level of significance to compare: a) means of treatment effects (between columns) is 8.50, b) 
means across colour grading within the same treatment level is 8.35  

• LSD to compare moisture content = 0.99 
 
Grower 3 – Sultanas on T-trellises - standard wetting machine 
The treatment containing 0.5% oil, 0.6% potash plus adjuvant TD and sprayed at 1 km/h 
ground speed (Table 2.5.1c) had significantly more moisture content at harvest than the other 
treatments (table 2.5.2c). There were significant differences found in the individual 
component of colour grading comparisons for % of dark berries. 
 
Table 2.5.2c Colour grading and moisture content of dried grapes produced by grower 3. 
 

Treatment (see Table 2.5.1c for details) Colour Grading (Sample 
composition in terms of 
colour) 

1. Control 
(standard) 

2. Low conc.& 
high vol. + TD 

3. Low conc.& 
low vol. + TD 

4. High conc.& 
low vol. + TD 

% of light-amber berries 43.00 47.11 49.22 50.49 
% of amber berries 13.67 21.56 12.11 21.69 
% of brown berries 4.11 6.78 3.56 6.01 
% of dark berries 39.22 24.56 35.11 21.81e 
Moisture content at harvest 
 12.80 13.80 12.92 12.88 
Notes:  

• LSDs at 5% level of significance to compare: a) means for treatment effects (between columns) is 9.85, b) 
means across colour grading within the same treatment level is8.99. 

• LSD to compare moisture content = 0.45 
 
Grower 4 – Sun Muscat on two wire vertical trellises – air-blast sprayer 
The control and treatment 3 (Table 2.5.1d) had significantly lower moisture content at 
harvest than other treatments (Table 2.5.2d). There were no significant differences found 
between treatments for individual components of colour grading (Table 2.5.2d). 
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Table 2.5.2d Colour grading and moisture content of dried grapes produced by grower 4. 
 

Treatment (see Table 2.5.1d for details) Colour Grading (Sample 
composition in terms of 
colour) 

1. Control 
(standard) 

2. Low conc.& 
high vol. + TD 

3. High conc.& 
low vol. + TD 

4. High conc.& 
Ex. low vol. + 

TD 
% of light-amber berries 52.78 55.56 54.67 43.56 
% of amber berries 44.00 41.89 40.78 49.78 
% of brown berries 2.00 1.33 2.78 4.89 
% of dark berries 1.22 1.22 1.78 1.78 
Moisture content at harvest 
 13.88 14.54 13.80 14.08 
Notes:  

• LSDs at 5% level of significance to compare: a) means for treatment effects (between columns) is 8.03, b) 
means across colour grading within the same treatment level is 8.87. 

• LSD to compare moisture content = 0.32 
 
Grower 5 – Sultana on Shaw swingarm trellises – standard wetting machine 
There were no significant differences found between treatments in this trial in terms of 
moisture content at harvest and individual components of colour grading. 
 
Table 2.5.2e Colour grading and moisture content of dried grapes produced by grower 5. 
 

Treatment (see Table 2.5.1e for details) Colour Grading (Sample 
composition in terms of 
colour) 

1. Control (standard) 2. Low conc.& high 
vol. + TD 

3. High conc.& low 
vol. + TD 

% of light-amber berries 38.22 34.22 36.67 
% of amber berries 50.44 57.33 54.11 
% of brown berries 8.56 6.00 5.22 
% of dark berries 2.78 2.44 4.00 
Moisture content at harvest 
 14.97 14.98 14.40 
Notes:  

• LSDs at 5% level of significance to compare: a) means for treatment effects (between columns) is 11.26, 
b) means across colour grading within the same treatment level is 9.64.  

• LSD to compare moisture content = 2.25 
 
Grower 6 – Sultana on Shaw swingarm trellises – standard wetting machine 
The treatment containing 0.5% oil, 0.6% potash plus adjuvant TD and sprayed at 1 km/h 
ground speed (Table 2.5.1f) had significantly more moisture content at harvest than the other 
treatments (Table 2.5.2f). There were no significant differences found between treatments in 
this trial in terms of individual components of colour grading (Table 2.5.2f). 
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Table 2.5.2f Colour grading and moisture content of dried grapes produced by grower 6. 
 

Treatment (see Table 2.5.1f for details) Colour Grading (Sample 
composition in terms of 
colour) 

1. Control (standard) 2. Low conc.& high 
vol. + TD 

3. High conc.& low 
vol. + TD 

% of light-amber berries 7.50 13.50 44.33 
% of amber berries 55.83 51.17 47.83 
% of brown berries 28.50 27.33 6.17 
% of dark berries 8.17 8.00 1.67 
Moisture content at harvest 
 12.50 11.40 11.20 
Notes:  

• LSDs at 5% level of significance to compare: a) means for treatment effects (between columns) is 15.11, 
b) means across colour grading within the same treatment level is 15.52. 

• LSD to compare moisture content = 0.35 
 
Grower 7 – Sultana on Shaw swingarm trellises – standard wetting machine 
There were no significant differences found between treatments in this trial in terms of 
moisture content at harvest and individual components of colour grading. 
 
Table 2.5.2g Colour grading and moisture content of dried grapes produced by grower 7. 
 

Treatment (see Table 2.5.1g for details) Colour Grading (Sample 
composition in terms of 
colour) 

1. Control (standard) 2. Low conc.& high 
vol. + TD 

3. High conc.& low 
vol. + TD 

% of light-amber berries 27.70 25.68 19.34 
% of amber berries 22.80 26.28 26.43 
% of brown berries 24.80 23.73 27.90 
% of dark berries 24.70 24.31 26.33 
Moisture content at harvest 
 11.03 - 11.33 
Notes:  

• LSDs at 5% level of significance to compare means of treatment effects (between columns) is 11.60 (no 
comparison for means across colour grading within each treatment) 

• LSD to compare moisture content = 0.33 
 
2.5.3 Discussion – Growers’ trials 2005 
 
The previous trials (MacGregor and Gaskin 2004) had suggested that under ideal drying 
conditions, adding TD to drying emulsion may not lead to significant improvement in 
moisture reduction or colour of dried grapes.  
 
In 2005, drying conditions were ideal because rains did not affect the drying period. 
Consequently, very little difference (in terms of moisture content and colour) between 
treatments was observed in different trials conducted by growers in 2005, corroborating 
earlier findings by MacGregor and Gaskin (2004).  
 
2.5.4 Conclusions - Growers’ trials 2005 
Under ideal drying conditions, addition of TD to drying emulsion did not improve the 
colour and reduce final moisture content of dried grapes. 
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2.5.5 Link to 2006 trials 
Trials in 2005 determined that use of S240 in drying emulsion did not increase the phytotoxic 
effect of drying emulsion on young shoots (replacement canes), and emulsions containing 
S240 and TD might have helped the spread of the emulsion. 
 
Driving sprayers at significantly faster speeds (up to 6.5 km/h) helped to reduce the volume 
of drying emulsion used on vines without compromising the colour grading of dried grapes. 
However, standard wetting machines fitted with fishplates (for recycling) are not suitable to 
drive at high speeds in vineyards, because driving at high speed can damage vines and the 
machines.  
 
Consequently, the project team wanted to explore options for applying low volume of drying 
emulsions to vines. Trials in 2006 investigated a number of such options. 
 
3.0 TRIALS 2006 
 
Two separate trials were conducted at two different locations in growers’ vineyards.  
Vines used in the trials were H5 sultanas grafted on Ramsey rootstocks and trained on Shaw 
Swingarm trellises. Leaves from all treatment vines were mechanically plucked before 
applying the drying emulsion to facilitate the drying process. 
 
Trial objectives were to: 
1. achieve increased penetration inside the tight bunches 
2. achieve faster drying of sprayed bunches on the trellises (reduce berry moisture as fast as 

possible) 
3. save cost in labour/ time 
4. produce high grade trellis dried sultanas 
 
Four different sprayers with various combinations of nozzle size and number, ground 
speeds and emulsion mix were used in the trials. Both adjuvants S240 and TD or one of them 
was used in some of the emulsion mix. 
 
3.1 Materials and methods – Trials 2006 
 
3.1.1 Trial 1 - 2006 
Only a standard wetting machine (Fig. 3.1.1a) owned by the grower was used in this trial. 
The machine was fitted with 2 of 3/8P 3540 and 16 of 3/8P 3525 high impact flat spray 
nozzles (Spraying Systems Co.1987). At an assumed ground speed of 2.0 km/h and a nozzle 
pressure of 2 bar (29 psi), the machine applied an estimated 14,128 L/ha of emulsion. This set 
up by the grower was used as the control (Table 3.1.1a).  
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Figure 3.1.1a  A standard wetting machine used in trial 1 – 2006. 
 
The ground speed, nozzle combinations, emulsion mix and use of TD were varied to create 
five different treatments (Table 3.1.1a). Each treatment was replicated 4 times, resulting in 20 
experimental plots in total. 
 
There were 24 rows (400 m long) available for the trial. Two end rows from each side were 
kept as buffer rows and the inside 20 rows were used for the trial. No buffer rows were 
required between treatment rows, because the machine had a close canopy to retain the 
possible spray drift. 
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Table 3.1.1a Treatment details and estimated volume of emulsion applied before 
recycling for trial 1 – 2006. 

 
Treatment Emulsion  

 
TD 

 
Expected 
ground 
speed 
(km/h) 

Nozzle type 
(Spraying Systems 

Co. 1987) 

Nozzle 
pressure 

(bar) 

Estimated 
volume applied 
before recycling 

(L/ha) 
 Oil 

(%) 
potash 

(%) 
     

1 - control 0.5 0.6 - 2.0 2 of 3/8 P 3540 & 
16 of 3/8 P 3525 

2 bar 14,128 

2 1.0 1.2 - 4.0 2 of 3/8 P 3540 & 
16 of 3/8 P 3525 

2 bar 7,064  

3 1.0 1.2 √ 4.0 2 of 3/8 P 3540 & 
16 of 3/8 P 3525  

2 bar 7,064  

4 1.0 1.2 - 4.0 2 of 3/8 P 4040 & 
2 of 3/8 P 2540 & 
12 of 3/8 P 2515  

2 bar 4,964 

5 1.0 1.2 √ 4.0 2 of 3/8 P 4040 & 
2 of 3/8 P 2540 & 
12 of 3/8 P 2515 

2 bar 4,964 

Vine ages varied in this vineyard (four different ages). It is considered that canopy density, 
fruit maturity and disease pressure may vary with vine age. Therefore we needed to check 
these effects. Consequently, the vineyard was sub-divided into four areas and treatments 
were allocated such a way that the effect of vine ages on fruit drying and quality produced 
can be measured. The fruiting side of the vine row faced either east or west (marked by 
letters “E” and “W”, Fig. 3.1.1b), which was expected to have an effect on overall drying of 
grapes and ultimately the quality. The experimental design allowed us to compare this effect 
(Fig. 3.1.1b).   
 

 
Figure 3.1.1b. Experimental layout of trial 1 – 2006. 
 

2001 - 2002 Plantation 1997 - 1998 Plantation

3 - E G P 3 - E

4 - W P O 4 - W

5 - E R B 5 - E

6 - W G R 6 - W

7 - E P O 7 - E

Euston 8 - W B P 8 - W

Drive 9 - E B R 9 - E

10 - W O B 10 - W

11 - E O G 11 - E

12 - W R G 12 - W
13 - E G O 13 - E

14 - W O G 14 - W

15 - E B B 15 - E

16 - W G B 16 - W

17 - E R R 17 - E

18 - W B R 18 - W

19 - E O P 19 - E

20 - W R P 20 - W

21 - E P G 21 - E

22 - W P O 22 - W

2002 - 2003 Plantation 1998 - 1999 Plantation

G Trt 1 = 0.5% Oil + 0.6% K, 2.0 km/h, 2 of 3540 & 16 of 3525 @ 2 bar P Trt 4 = 1.0% Oil + 1.2% K, 4.0 km/h, 2 of 4040 & 12 of 2515 @ 2 bar
R Trt 2 = 1.0% Oil + 1.2% K, 4.0 km/h, 2 of 3540 & 16 of 3525 @ 2 bar O Trt 5 = 1.0% Oil + 1.2% K, 4.0 km/h, 2 of 4040 & 12 of 2515 @ 2 bar
B Trt 3 = 1.0% Oil + 1.2% K, 4.0 km/h, 2 of 3540 & 16 of 3525 @ 2 bar &TD & TD
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Emulsion was prepared as per the treatment description (Table 3.1.1a) and the spray tank 
was filled with a known volume. After spraying the known length of vine rows with a 
particular treatment emulsion, the left over mixture was emptied and measured to determine 
the volume left (actually used) on the vine. 
 
During spraying each experimental plot, we timed the wetting machine travelling a known 
length of the vine row to determine its actual speed.  
 
3.1.2 Trial 2 - 2006 
In addition to the standard wetting machine, an air-blast (see Fig. 2.4.1b) and a Nebuliser 
(Fig. 3.1.2a) were used in trial 2 (Table 3.1.2a). Both oil-based adjuvant TD and water-based 
adjuvant S240 were used in this trial. There were nine different treatments (Table 3.1.2a), 
replicated four times, resulting in 36 experimental plots in total. 
 
Using similar methods to trial 1, the actual ground speed of sprayers and volume of 
emulsion left on vines were measured in the field.  
 

 
 
Figure 3.1.2a  A Nebuliser used in trial 2 – 2006. 
 
There were 37 rows (120 m long each) of vines available for trial 2. Each row had 39 vines in 
it. Two rows were used as buffer between treatment rows because air-blast and Nebuliser 
machines had no closed canopy to retain the spray drift. Three treatments were fitted into 
one row allocating 13 vines per treatment. Samples were collected from the middle (pre 
marked panels) of those 13 vines. 
 
Similar to trial 1 - 2006, the fruiting side of the vine row faced either east or west (marked by 
letters “E” and “W”, Fig. 3.1.2b), which was expected to have an effect on overall drying of 
grapes and ultimately the quality. The experimental design allowed us to compare this effect 
(Fig. 3.1.2b).   
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Table 3.1.2a Treatment details and estimated volume of emulsion applied before 

recycling for trial 2 – 2006. 
 

Treatment / 
Machine 

Type 

Emulsion 
used 

Adjuvant 
used 

Expected 
ground 
speed 
(km/h) 

Nozzle type 
(Spraying 

Systems Co. 1987, 
Interlink 2006 ) 

Nozzle 
pressure 

(bar) 

Estimated 
volume applied 
before recycling 

(L/ha) 
 Oil 

(%) 
Potash 

(%) 
TD S240     

1. Standard  0.54 0.67 - - 1.3 4 of 4030, 3 of 
5040, 3 of 6540, 5 

of 8050 & 2 of 
8060 

2.0 36,182 

2. Air-blast 1.0 1.2 - - 5.6  2 of 3/8 P 3540 
& 6 of Albuz pink 

17 3,450 

3. Air-blast 1.0 1.2 √ - 5.6 2 of 3/8 P 3540 
& 6 of Albuz pink 

17 3,450 

4. Air-blast 1.0 1.2  √ 5.6  2 of 3/8 P 3540 
& 6 of Albuz pink 

17 3,450 

5. Air-blast 1.0 1.2 √ √ 5.6  2 of 3/8 P 3540 
& 6 of Albuz pink 

17 3,450 

6.Nebuliser 1.0 1.2 - - 6 .0 20 of Albuz green 19 2,170 
7.Nebuliser 1.0 1.2 √ - 6.0 20 of Albuz green 19 2,170 
8.Nebuliser 1.0 1.2 - √ 6.0 20 of Albuz green 19 2,170 
9.Nebuliser 1.0 1.2 √ √ 6.0 20 of Albuz green 19 2,170 

 
 

 
Figure 3.1.2b. Experimental layout of trial 2 – 2006. 
 
3.2 Parameters measured – trials 2006 
Average maturity (°brix) was measured one or two days before applying the drying 
emulsion. After applying drying emulsion and cane cutting, samples from both trial sites 
were collected at regular intervals. At each sampling time bunches were identified as 
difficult, average or easy to dry. For example, a large tight bunch was considered to be 
‘difficult to dry’ and a small and loose bunch was considered to be ‘easy to dry’. The 

2 - W G  & Y B SW 2 - W

5 - E R  & B Y G  & Y 5 - E

8 - W O R & B R 8 - W

11 - E B O P 11 - EO O O O
14 - W Y P G 14 - W

17 - E W R G 17 - E

20 - W W G & Y O 20 - W

23 - E G  & Y W R  & B 23 - E

26 - W P G R 26 - W 

29 - E G R O 29 - E

32 - W Y R & B B 32 - W

35 - E P B Y 35 - E

G Trt 1 = 0.54% Oil + 0.67% K, 1.2 km/h, Lloyd's set up, 30 psi
R Trt 2 = 1.0% Oil + 1.2% K, 5.6 km/h, PJ-AB set up @ 17 bar
B Trt 3 = 1.0% Oil + 1.2% K, 5.6 km/h, PJ-AB set up @ 17 bar &TD
P Trt 4 = 1.0% Oil + 1.2% K, 5.6 km/h, PJ-AB set up @ 17 bar & S240
O Trt 5 = 1.0% Oil + 1.2% K, 5.6 km/h, PJ-AB set up @ 17 bar & TD + S240
W Trt 6 = 1.0% Oil + 1.2% K, 6.0 km/h, Lloyd's Nebuliser, with 20 green  Albuz nozzles @ 20 bar (3.58 L/min). First 12, then 8 nozzles
Y Trt 7 = 1.0% Oil + 1.2% K, 6.0 km/h, Lloyd's Nebuliser, with 20 green  Albuz nozzles @ 20 bar (3.58 L/min). First 12, then 8 nozzles & TD

G  & Y Trt 8 = 1.0% Oil + 1.2% K, 6.0 km/h, Lloyd's Nebuliser, with 20 green  Albuz nozzles @ 20 bar. First 12, then 8 nozzles & S240
R  & B Trt 9 = 1.0% Oil + 1.2% K, 6.0 km/h, Lloyd's Nebuliser, with 20 green  Albuz nozzles @ 20 bar. First 12, then 8 nozzles & TD +S240
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‘average to dry’ fitted in between these two groups. A bunch from each of the three 
categories was collected as sample from a particular treatment and brought into the 
laboratory for further processing.  
 
For each sample, berries (shrivelled and plump) from each bunch were stripped (Fig. 3.2a). 
Shrivelled berries with amber or brown colour were separated from plump green berries for 
each bunch. Then each type of berries was counted to determine their percentage in a 
particular type of bunch (eg. difficult or easy) and weight of 100 berries was taken. Then all 
shrivelled berries from difficult, average and easy bunches of a particular treatment were 
mixed together as one sample and their moisture content was determined. The process was 
repeated for the plump berries as well.  
 

 
 

Figure. 3.2a. Shrivelled amber berries from outside the bunch mixed with plump green 
berries from inside the bunch. 

 
The industry standard dried fruit moisture tester meter (AOAC method 972.20) and a laboratory 
oven (AOAC method 934.06 (modified)) were used to determine the moisture content (% mc) 
of all samples (AOAC 1990). The moisture meter was used for fruit below 25% mc and oven 
method was used for fruit with moisture content greater than 25%. 
 
Final samples were collected at the time of harvest for manual grading of colour (main 
parameter of quality of dried grapes). 
 
3.3 Results - Trials 2006 
 
3.3.1 Results – Trial 1 - 2006 
The measurement during spraying revealed that the ground speed for the application of 
control treatment was 2.63 km/h instead of 2.0 km/h as assumed by the grower (Table 
3.3.1a). The measurement also revealed that the volume of emulsion retained by the vines is 
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not directly proportional (as often believed) to the volume applied, rather there appears to be 
a strong (R2 = 0.876) polynomial relationship (Fig. 3.3.1a).  
Table 3.3.1a. Measured ground speed and volume of emulsion left on the vine (at 2 bar 

nozzle pressure) for each treatment – trial 1 – 2006. 
 
Treatment Emulsion  

 
TD 

 
Measured 

ground 
speed 
(km/h) 

Nozzle type 
(Spraying Systems 

Co. 1987) 

Estimated 
volume 
applied  
(L/ha) 

Measured 
volume left on 

the vines 
 (L/ha) 

 Oil 
(%) 

potash 
(%) 

     

1 - control 0.5 0.6 - 2.63 2 of 3/8 P 3540 & 
16 of 3/8 P 3525 

10,743 6,498 

2 1.0 1.2 - 4.10 2 of 3/8 P 3540 & 
16 of 3/8 P 3525 

6,891 5,970 

3 1.0 1.2 √ 4.11 2 of 3/8 P 3540 & 
16 of 3/8 P 3525  

6,875 5,524 

4 1.0 1.2 - 3.93 2 of 3/8 P 4040 & 
2 of 3/8 P 2540 & 
12 of 3/8 P 2515  

5,052 3,893 

5 1.0 1.2 √ 4.00 2 of 3/8 P 4040 & 
2 of 3/8 P 2540 & 
12 of 3/8 P 2515 

4,964 3,930 

 

 
Figure 3.3.1a. The polynomial relationship between volume of drying emulsion applied 

and volume retained by the vine – trial 1 -2006.  
 
This means that the volume retained by the vines is a mathematical sum of powers of 
volume applied.  
 
Volume retained by the vine (L/ha) =  - 0.000004 (Vol. Applied (L/ha))^2 + 1.0581 (Vol. Applied (L/ha)) 
 

y = -(4 x 10^-05)x2 + 1.0581x
R2 = 0.876
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As expected, the canopy density (measured as LAI) generally increased with the age of the 
vine (Table 3.3.1b). 
 
Table 3.3.1b. The effect of vine age on sugar level in berries and canopy density (LAI). 
 
 Age of the vineyards 
 3 years 4 years 7 years 8 years 
Berry sugar level (°brix) 22.17 23.33 22.83 22.83 
Average Leaf Area Index (LAI) 2.46 2.38 3.48 3.5 
 
The harvest of dried grapes was significantly delayed (38 days instead of typical 15 – 20 
days) due to five rain events over the drying season (Fig. 3.3.1b). Within 16 days of emulsion 
application, average moisture content in shrivelled berries went down below 20% despite 
receiving a 10 mm cumulative rain (Fig 3.3.1b). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.3.1b. Average moisture content of shrivelled amber coloured berries in relation 

to rain events – trial 1 – 2006. 
 
Treatments had no significant effects on the mean moisture content of shrivelled berries 
throughout the drying season except treatment 3 (emulsion containing TD and applied at 
5,524 L/ha, Table 3.3.1a) caused significantly faster drying at the initial stage (Fig. 3.3.1c). 
This trend was also observed in plump berries with a larger difference (Fig. 3.3.1d). 
 
Before harvest (5 April 2006) no plump berries were left in any category of bunches (Figs. 
3.3.1e, 3.3.1f and 3.3.1g). In general, treatments containing the adjuvant TD (treatments 3 and 
5) reduced plump berries in all category of bunches compared with their counterparts 
(treatments 2 and 5) (Figs. 3.3.1e, 3.3.1f and 3.3.1g). As expected, a rain events caused the 
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berries to take up moisture, resulting in an increase in the percentage of plump berries in 
bunches (Figs. 3.3.1b to 3.3.1g). 
 

 
Figure 3.3.1c. The drying rate of shrivelled berries with time – trial 1 – 2006. 
 

 
Figure 3.3.1d. The drying rate of plump berries with time – trial 1 – 2006. 
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Figure 3.3.1e. Reduction of plump berries in tight bunches with time – trial 1 - 2006. 
 

 
Figure 3.3.1f. Reduction of plump berries in average bunches with time – trial 1 - 2006. 
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Figure 3.3.1g. Reduction of plump berries in loose bunches with time- trial 1 - 2006. 
 
On average the control and treatment 3 (emulsion containing TD and applied at 5,524 L/ha, 
Table 3.3.1a) had less plump berries in tight bunches compared with other treatments and 
there was no effect of direction for these treatments (Fig. 3.3.1h). Other treatments had less 
plump berries in west facing grapes than east facing grapes (Fig. 3.3.1h).  
 
 

 
Figure 3.3.1h. The effect of direction on the reduction of plump berries in tight bunches – 

trial 1 – 2006. 
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There was no obvious effect of treatments on colour grading of dried grapes after harvesting 
from each experimental plot (Table 3.3.1c). 
 
Table 3.3.1c. Colour grading of samples under each treatment – trial 1 – 2006. 
 
Treatment (see 
Table 3.3.1a for 
details) 

Number of samples graded in each commercial grade  Aggregated 
score 

 3 Cr dark 4 Cr dark 5 Cr dark 3 Cr light 4 Cr light  
Trt 1 - control 0 1 3 2 2 29 
Trt 2 1 0 2 2 3 30 
Trt 3 0 0 3 4 1 30 
Trt 4 1 1 0 1 5 32 
Trt 5 0 0 2 5 1 31 
Note: Grade values to determine aggregated score 
3 Cr dark = 1, 4 Cr dark =2, 5 Cr dark = 3, 3 Cr light = 4 and 4 Cr light = 5 
(High grade values represent higher revenue for growers, adopted from Sunbeam Foods Schedule 1, Sunbeam Foods, 2006) 
 
It appears that older vines produced slightly better coloured grapes than younger vines (Fig. 
3.3.1i). 

 
Figure 3.3.1i.  The effect of vine age on grape colour. 
 
3.3.2 Results – Trial 2 - 2006 
A total of nine treatments were applied in trial 2 (Table 3.1.2a and Fig. 3.1.2b). However, after 
thorough field inspection and comprehensive consultation with growers, ADFA Industry 
Development Officer and the research team, treatments applied with the Nebuliser (Table 
3.1.2a) were abandoned. The application of drying emulsion with the Nebuliser failed to 
cover bunches adequately and showed very little progress in berry drying within the 
bunches even after 16 days of spraying (Fig. 3.3.2a). Grapes sprayed with the Nebuliser were 
resprayed using the standard wetting machine with an aim to salvage the quality of the 
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grapes dried. Therefore, no results for quality and drying rates are available for treatments 
applied by the Nebuliser. 
 

 
 
Figure 3.3.2a. Excessive plump berries due to inadequate spray coverage by the 

Nebuliser. 
 
All sprayers travelled slower than assumed (compare Tables 3.1.2a and 3.3.2a) and air-blast 
sprayer (no recycling facility) applied more emulsion than estimated (measured in the field, 
Table 3.3.2a). 
 
At the early stage of drying (up to 10 days after spraying), treatments containing adjuvants 
(Table 3.3.2a) dried shrivelled berries at significantly faster rates than the control (Fig. 3.3.2b), 
but no significant difference was observed in the letter stage of drying (Fig. 3.3.2b). This 
trend was not observed for plump berries (Fig. 3.3.2c). The 13.4 mm rain on 27/3/06 
significantly increased the moisture content of shrivelled berries for all treatments (Fig. 
3.3.2b).  
 
Like trial 1, no plump berries was left in any category of bunches (Figs. 3.3.2d, 3.3.2e and 
3.3.2f) before harvest (4 April 2006). In general, treatments containing adjuvants (treatments 
3, 4 and 5, Table 3.3.2a) reduced plump berries in all category of bunches compared with 
other treatments (Figs. 3.3.2d, 3.3.2e and 3.3.2f).  
 
A rain event did not significantly increase the number of plump berries for grapes sprayed 
with emulsion containing adjuvants. The number of plump berries in bunches continued to 
reduce at a steady rate with time for those sprayed with emulsion containing only S240 
(treatment 4, Table 3.3.2a and Figs. 3.3.2d to 3.3.2f) 
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Table 3.3.2a. Measured ground speed and volume of emulsion left on vines for each 

treatment. 
 

Treatment / 
Machine 

Type 

Emulsion 
used 

Adjuvant 
used 

Average 
measured 

ground 
speed 
(km/h) 

Nozzle type 
(Spraying 

Systems Co. 1987, 
Interlink 2006 ) 

Estimated 
volume 

applied based 
on measured 
speed (L/ha) 

Measured 
volume 

left on the 
vine 

(L/ha) 
 Oil 

(%) 
Potash 

(%) 
TD S240     

1. Standard  0.54 0.67 - - 1.24 4 of 4030, 3 of 
5040, 3 of 6540, 5 

of 8050 & 2 of 
8060 

37,933 10,227 

2. Air-blast 1.0 1.2 - - 4.83 2 of 3/8 P 3540 
& 6 of Albuz pink 

4,002 5,682 

3. Air-blast 1.0 1.2 √ - 4.83 2 of 3/8 P 3540 
& 6 of Albuz pink 

4,002 5,114 

4. Air-blast 1.0 1.2  √ 4.83 2 of 3/8 P 3540 
& 6 of Albuz pink 

4,002 5,701 

5. Air-blast 1.0 1.2 √ √ 4.83 2 of 3/8 P 3540 
& 6 of Albuz pink 

4,002 5,360 

6.Nebuliser 1.0 1.2 - - 5.37 20 of Albuz green 2,424 1,989 
7.Nebuliser 1.0 1.2 √ - 5.37 20 of Albuz green 2,424 2,065 
8.Nebuliser 1.0 1.2 - √ 5.37 20 of Albuz green 2,424 2,083 
9.Nebuliser 1.0 1.2 √ √ 5.37 20 of Albuz green 2,424 1,705 

 

 
Figure 3.3.2b.  The drying rate of shrivelled berries with time – trial 2 – 2006. 
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Figure 3.3.2c. The drying rate of plump berries with time – trial 2 – 2006. 
 

 
Figure 3.3.2d. Reduction of plump berries in tight bunches with time- trial 2 - 2006. 
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Figure 3.3.2e. Reduction of plump berries in average bunches with time- trial 2 - 2006. 
 
 

 
 
Figure 3.3.2f. Reduction of plump berries in loose bunches with time- trial 2 - 2006. 
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Grapes sprayed with a double strength emulsion containing TD and applied at 5,114 L/ha 
using an air-blast sprayer (treatment 3, Table 3.3.2a) produced significantly darker fruit 
compared with other treatments including the control (Table 3.3.2b).  
 
Table 3.3.2b. Colour grading of samples under each treatment – trial 2 – 2006. 
 
Treatment (see 
Table 3.3.1a for 
details) 

Number of samples graded in each commercial grade  Aggregated 
score 

 3 Cr dark 4 Cr dark 5 Cr dark 3 Cr light 4 Cr light  
Trt 1 - control 1 0 1 0 2 14 
Trt 2 0 0 2 0 2 16 
Trt 3 0 2 2 0 0 10 
Trt 4 0 1 1 0 2 15 
Trt 5 0 1 1 0 2 15 
Note: Grade values to determine aggregated score 
3 Cr dark = 1, 4 Cr dark =2, 5 Cr dark = 3, 3 Cr light = 4 and 4 Cr light = 5 
(High grade values represent higher revenue for growers, adopted from Sunbeam Foods Schedule 1, Sunbeam Foods, 2006) 
 
 
3.3.3 Comparison of production costs under different scenarios 
 
Assumptions: 
• Row spacing = 3.3 m.  
• Turning time at the headland is the same regardless of speed of travel during spraying 

and not included in the comparison. 
• Calculation is based on one hectare of vineyard (headland is not included in one hectare 

unit). 
• Labour cost = $50/h (2 persons- one driving the sprayer and the other following with the 

refill tank (chaser)) 
• Tractor (including fuel) = $50/h (2 tractors – one for the sprayer and the other for the 

refill tank 
• Yield = 8.0 dried tonne/ha. 
 
Known: 
TD is used @ 5% in oil in the emulsion mixture 
S240 is used @ 0.3% in water in the emulsion 
Cost of TD (TurboDry) = $53.35/L 
Cost of S240 (Brush wet) cost = $34/L 
Cost of potash = $ 1.08/kg 
Cost of Victorian drying oil = $ 4.0/L 
 
Calculations: 
One hectare = 10,000 m2, therefore there is 3030.3 m of linear row length in one hectare of 
vineyard with 3.3 m row spacing. 
 
Based on the above assumptions costs under different scenarios have been estimated (Tables 
3.3.3a and 3.3.3b). 
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Table 3.3.3a. Estimated costs of spraying for different scenarios using standard wetting 

machine. 
 

Cost component Scenario 1: 
High vol. 
0.5% oil, 
0.6% K 

@ 1.5 km /h 

Scenario 2: 
Medium vol. 

1.0% oil, 
1.2% K 

@ 4.0 km /h 

Scenario 3: 
Medium vol. 

1.0% oil, 
1.2% K+TD 
@ 4.0 km /h 

Scenario 4: 
Low vol. 
1.0% oil, 
1.2% K 

@ 4.0 km /h 

Scenario 5: 
Low vol. 
1.0% oil, 

1.2% K +TD 
@ 4.0 km /h 

Spray volume (L/ha) 10,000 6,000 5,500 4,000 4,000 
Spraying time (h/ha) 2.02 0.76 0.76 0.76 0.76 
Labour ($/ha) 101.00 38.00 38.00 38.00 38.00 
Tractor ($/ha) 101.00 38.00 38.00 38.00 38.00 
Oil ($/ha) 200.00 240.00 220.00 160.00 160.00 
Potash ($/ha) 64.80 77.76 71.28 51.84 51.84 
TD ($/ha) - - 149.38 - 106.70 
Total cost 466.80 393.76 516.66 287.84 394.54 

 
Table 3.3.3b. Estimated costs of spraying for different scenarios using air-blast sprayer. 
 

Cost component Scenario 1: 
Medium vol. 

1.0% oil, 
1.2% K 

@ 4.83km /h 

Scenario 2: 
Medium vol. 

1.0% oil, 
1.2% K+TD 
@ 4.83km /h 

Scenario 3: 
Low vol. 
1.0% oil, 

1.2% K + S240 
@ 4.0 km /h 

Scenario 4: 
Low vol. 
1.0% oil, 

1.2% K +TD + S240 
@ 4.0 km /h 

Spray volume (L/ha) 5,700 5,100 5,700 5,400 
Spraying time (h/ha) 0.63 0.63 0.63 0.63 
Labour ($/ha) 31.50 31.50 31.50 31.50 
Tractor ($/ha) 31.50 31.50 31.50 31.50 
Oil ($/ha) 228.00 204.00 228.00 216.00 
Potash ($/ha) 73.87 66.10 73.87 70.00 
TD ($/ha) - 136.04 - 144.05 
S240 ($/ha) - - 581.40 550.80 
Total cost 364.87 469.14 946.27 1,043.85 

 
3.3.4 Discussion - Trials – 2006 
From 2006 trials it appears that, in general the loss of moisture from grape berries in early 
stage of drying (within first 10 days after spraying) was accelerated by the use of double 
strength emulsion containing adjuvants. In theory this should produce light and amber 
coloured fruit, however this hypothesis has not been supported by the results of 2005 (good 
drying condition) and 2006 (bad drying condition).  
 
It is likely that in a season with good weather grapes sprayed with emulsions containing 
adjuvants could be harvested earlier (because of accelerated drying shown in 2006 trials) 
saving valuable time for large corporate farms. Unfortunately, several rain events in the 
season rewatered fruit and delayed harvesting.  Consequently, the optimum harvest time for 
grapes sprayed with double strength emulsion containing adjuvants compared with other 
treatments could not be determined. 
 
An important aspect to observe was that regardless of treatment applied and bad drying 
weather more than 90% berries (shrivelled) had virtually the same moisture content (suitable 
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for mechanical harvesting) within 20 days after spraying (Figs. 3.3.1c and 3.3.2b). Also, 
generally there was no difference in overall colour grading (Tables 3.3.1c and 3.3.2b). This 
raises the question about the benefit of using double strength emulsion containing adjuvants 
for trellis drying if rain events lower the fruit quality and prevent earlier harvesting.  
 
It appears industry is using unnecessarily high amount of emulsion (typically 10,000 L/ha) 
without any significant benefit (results of 2005 and 2006 trials). At least $70/ha (potentially 
$180/ha) can be saved by driving a standard wetting machine faster (4.0 km/h) and using 
smaller size nozzles spraying double strength emulsion without adjuvants (table 3.3.3a). At 
least $100/ha can be saved if an air-blast sprayer is used (Table 3.3.3b). 
 
So far it has not been proven conclusively whether the use of adjuvants improves the colour 
of dried grapes, and hence may attract extra revenues. Cost comparisons show that the use 
of TD is still a viable option if low emulsion volume is used but the cost of using S240 
outweighs any potential benefit (Table 3.3.3a and 3.3.3b).  
 
3.3.5 Conclusions - Trials – 2006 
• There is a polynomial relationship between the amount of emulsion applied and the 

emulsion retained by the fruit and canopy. 
• In general the loss of moisture from grape berries in the early stage of drying (within first 

10 days after spraying) is accelerated by the use of double strength emulsion containing 
adjuvants. 

• No significant difference was found between treatments (with or without adjuvants) in 
terms of final moisture content and colour grading. 

• Up to $180/ha can be saved by driving a standard wetting machine faster (4.0 km/h) and 
using smaller size nozzles spraying double strength emulsion without adjuvants. 

• It has not been proven conclusively whether the use of adjuvants improves the colour of 
dried grapes.  

• The reduction of plump berries in bunches sprayed with emulsion containing only 
water-soluble adjuvant S240 (brush wet) was not affected by rewatering of berries 
(through rains). However, the cost of using S240 will outweigh any potential benefit. 

 
4.0  PROJECT CONCLUSIONS AND RECOMMENDATIONS 
 
Characteristics of different ingredients of drying emulsion  
The water-soluble adjuvant S240 is stable for at least 2 hours in alkaline condition when 
mixed at 0.2% rate with drying emulsion (mixture of oil and potash).  
 
A drying emulsion made up using Mistral oil spreads similarly to an emulsion made up 
using Victorian Drying Oil (VDO) on grapes. However, the use of TurboDry adjuvant in 
emulsions with Mistral oil did not increase the emulsions’ spreading ability to the same 
extent as it did in emulsions with VDO.  
 
Mistral oil and water-soluble adjuvant S240 (up to 0.5% concentration) do not cause any 
phytotoxicity to young shoots (replacement canes) of grape vines. 
 
Tartrazine dye is stable in alkaline condition and can be readily and consistently recovered 
from berry surfaces for up to 48 h after an application. Therefore, it is a suitable tracer to 
include in drying emulsion sprays to monitor deposits on sultanas.  
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Adjuvants’ ability to spread emulsion inside tight bunches 
Within the limit of one trial (trial 1- 2005), covering of berries inside tight bunches was not 
affected by the use of adjuvants or reduction of volume of drying emulsion used. This 
emphasises that covering berries inside a tight bunch will always be a difficult task. 
Within the limit of trial 3 (2005), there was no significant difference between Mistral oil and 
traditionally used VDO in terms of grape drying.  
 
Effects of adjuvants on drying rate and fruit colour 
In general the loss of moisture from grape berries in early stage of drying (within first 10 
days after spraying) is accelerated by the use of double strength emulsion containing 
adjuvants, TD (TurboDry) or S240. However, it was not proven conclusively whether the use 
of these adjuvants produce better colour grading of dried grapes. 
 
Effects of faster travel speed and smaller nozzles on fruit colour and moisture 
Good quality dried grapes (in terms of moisture and colour) were produced by applying 
significantly low volumes of emulsion with or without adjuvants. The volume was 
successfully reduced (as low as 4,000 L/ha) by driving the sprayer faster (up to 4.83 km/h) 
and reducing the nozzle size such that drying emulsion can effectively be applied without 
recycling it. There is a polynomial relationship between the amount of emulsion applied and 
the emulsion retained by the fruit and canopy. 
 
Potential savings 
Up to $180/ha can be saved by driving a standard wetting machine faster (4.0 km/h) and 
using smaller size nozzles spraying double strength emulsion without adjuvants. Cost of 
using water-soluble adjuvant S240 (brush wet) will outweigh any potential benefit. 
 
Recommendations 
Anecdotal evidence suggest that industry perceive a benefit can be gained by using the 
adjuvant TD. Trials in 2006 have shown that adjuvants TD and S240 accelerate drying at the 
early stage of drying. However, can the industry translate this advantage into an economical 
benefit?  
 
In a season with good weather condition, grapes are often left on trellises longer for finish 
drying, resulting in similar fruit in terms of final moisture content and colour regardless of 
drying emulsion containing any adjuvant. On the other hand, in a season with bad weather 
(affected by rains) growers are forced to leave the fruit longer on trellises, resulting again in 
similar finished product regardless of adjuvant use. Therefore, a thorough economic analysis 
is required (based on scientific evidence) before recommending the use of any adjuvant.  
 
It appears a potential cost saving is possible by reducing application volume, by applying at 
a faster rate and using appropriate nozzle setting. Further saving is possible through a 
simple machine (no need for recycling) applying low volumes that do not warrant recycling. 
Further investigation is required in this area. 
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Appendix : Laboratory evaluation to further improve emulsion spreading on grapes 
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Further improve the drying efficiency of bunches: Laboratory 
evaluation to further improve emulsion spreading on grapes 

 
Introduction 

 
Grapes destined for drying are treated with an oil emulsion (vegetable oil and potash) to 
speed their dehydration and so produce pale sultanas. Application of the oil emulsion to 
trellis drying bunches is slow because very high volumes (8000 litres/ha) are applied to 
achieve penetration of emulsion into the bunches. Delays in application of the emulsion 
across a whole crop, and uneven distribution of emulsion through tight bunches, lead to 
uneven coloration, ultimately reducing dried fruit quality. 
 
The surface tension of spray droplets on the surface of grape berries appears to be a major 
limitation to the movement of a liquid film into a bunch, an observation supported by 
mathematical modelling of the application of sprays to grape bunches (MISG, 2001). Studies 
undertaken at PPCNZ, Forest Research, New Zealand, determined that supplementing oils 
with a small amount of a selected alkylsilicone (AS) adjuvant reduced surface tension such 
that their spread on grape bunches was significantly enhanced (Gaskin & Hofstee, 2002). The 
AS adjuvant was demonstrated to be sufficiently stable in the high pH environment of 
potash-oil emulsion sprays to permit spray application under commercial conditions. 
Subsequent field trials on commercial vines in 2003 and 2004 determined that applying the 
AS adjuvant in oil emulsions provided significant benefits (MacGregor & Gaskin 2005), such 
that: 
 

• Spray application volumes could be at least halved 
• Spray coverage and bunch penetration was improved 
• Drying time was reduced 
• Application costs were reduced 
• Fruit quality was improved 

 
These benefits were realised most under adverse drying conditions. 
 
The success of these studies resulted in the registration in Australia, in 2005, of an AS 
adjuvant for use on table grapes. It is commercially available as Break-Thru™ TurboDry 
(Goldschmidt Chemical Corp. USA), supplied by ISM Australia. 
 
The laboratory study reported here evaluated another class of adjuvant, an organosilicone 
(OS) superspreader, for its potential to further reduce the current spray volumes of drying 
emulsion. OS superspreaders are water soluble, as opposed to the oil-soluble AS adjuvant, 
and can spread water to a far greater extent than an AS can spread oil. However, OS can be 
rapidly degraded by extremes of pH and are known to cause phytotoxic effects on crops if 
used incorrectly. The project aim was to provide OS superspreader prescriptions for field 
testing in low volume drying emulsion sprays. Such adjuvants could potentially increase the 
consistency and quality of dried grapes and could allow growers to apply drying emulsion 
in reduced spray volumes using conventional vineyard sprayers. This would reduce fuel and 
labour costs, thereby markedly reducing the production costs of dried grapes. 
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Materials and Methods 
 

Chemicals 
The commercial oil used in this study was Vollaires Fruit Drying Oil (VDO) (Victorian 
Chemicals Ltd). It was used as supplied and also with the addition (5%) of an AS adjuvant, 
Break-Thru Turbo-Dry (VDE oil) (MacGregor & Gaskin 2005). Potash (K2CO3) used to 
prepare drying oil emulsions was sourced from Redox Chemicals NZ (sample # POCARB40; 
99.85% pure). 
 
On the basis of existing knowledge (R Gaskin), an OS adjuvant was selected for testing in 
drying oil emulsions: Break-Thru S240 (S240; Goldschmidt Industrial Specialties). This 
adjuvant is a water soluble superspreader, but insoluble in oil. It is registered for 
horticultural use in Australia (ISM Ltd).  
 
S240 Stability tests 
S240, like all trisiloxane alkoxylate superspreaders, is not highly stable under alkaline 
conditions, but the duration of stability depends on its concentration in solution (Policello et 
al. 1994). High pH (≥9) will degrade the molecule and change its physical properties, 
including its ability to superspread. Thus, the hydrolytic stability of S240 can be monitored 
over time by the effect on its superspreading properties.  
 

(1) Effect of potash addition on pH of S240 solutions 
The pH of S240 (0.1%) solutions with the addition of three rates of potash (0.12, 0.6, 1.2%) 
was determined at 0 and 24 h after initial mixing. Solutions were stirred continuously 
using a laboratory magnetic stirrer. 
 
(2) Effect of potash addition on spreading of S240 solutions 
S240 was mixed in solution at a typical use rate (0.1% v/v) with potash at 0.12, 0.6 and 
1.2% and stirred continuously on a lab stirrer. Aliquots were sampled at 0, 1, 2, 4, 6 and 
24 h after initial mixing and a water soluble UV dye (Blankophore P; 0.5%) was added 
immediately prior to quantifying solution spread. Droplets (0.24 µl* 10 reps) were 
dispensed from a microsyringe onto the waxy leaves (at least 3 separate reps) of model 
plants (cabbage seedlings). At 5 mins after application, droplet spread was captured by 
video camera under UV illumination and quantified by image analysis (V++ Software). 
All tests were carried out at 20°C. 

 
(3) The effect of oils on spreading of S240 solutions 
VDO and VDE oil solutions were each prepared at 1%. S240 was added to each solution 
(0.1%) and solution spreading on cabbage leaves was determined at 0 and 16 h after 
initial mixing (as described in (2) above). 
 
(4) The effect of oils and potash(i.e. drying emulsions) on spreading of S240 solutions  
Potash was mixed with VDO and VDE oils (oils at 1%; potash:oil at 6:5) to form drying 
emulsions. S240 was added to each emulsion at 0.1, 0.2 and 0.5% and solution spreading 
on cabbage leaves was determined at 0, 1, 2, 4 and 6 hours after initial mixing. 
 
(5) The effect of S240 concentration on the spreading of VDE emulsion on grapes 
VDE oil (0.5%) and potash (0.6%) were mixed together to form a drying emulsion. S240 
was added at 0.05, 0.1, 0.2 and 0.5% and solution spreading was determined at 0, 1, 2, 4 
and 24 h after initial mixing. Droplets (0.24 µl) were applied to 10 replicate grape berries 
(Muscat Italia thinnings). 
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Determining S240 rates for use in drying emulsions on grapes 
VDO emulsion (containing oil:potash at 5:6) was mixed at 1% and 2% oil, with addition of 
S240 at 0.1, 0.2 and 0.5%. Spreading of treatments was determined at 0, 1, 2, 4 and 24 h after 
initial mixing for 1% oil (and at 0 and 4 h only for 2% oil), under UV light as described 
previously. Treatments were individually shaken for 30 seconds before each sampling. All 
tests were carried out at 20°C on White Thompson Seedless grapes. 
 
VDE emulsion (containing oil:potash at 5:6) was mixed at 1% oil, with addition of S240 at 0.1, 
0.2 and 0.5%. Spreading was determined as described for VDO emulsions above. 
 
Field trial dye stability tests 
To accurately monitor spray deposits in field trials it is necessary to include a “tracer” in the 
spray tank which is cheap and easy to work with, does not affect the physical properties of 
the sprays, is recovered readily and totally from target foliage, and which can be 
quantitatively and rapidly analysed. Tartrazine dye is a food grade additive which fulfils all 
these requirements. It is highly water soluble and is used frequently in spray deposit trials 
undertaken by PPCNZ, in a variety of sprays applied to a wide range of crops. It was not 
known how the stability of tartrazine would be affected by inclusion of oil and/or potash in 
the spray solution, or how these chemicals would affect its recovery off grapes. 
 

(1) Tartrazine stability in drying emulsion  
Tartrazine was mixed (8 g/litre) with VDO and VDE emulsions (1%), alone and 
containing S240 (0.25%) and the stability of the dye was monitored by spectrophotometry 
(427 nm) at 0, 2, 24 and 96 h after initial mixing. A control, comprising tartrazine in water, 
was included in the study along with a potash only treatment (1.2%), which was to 
monitor the effect of pH on the dye stability. 
 
(2) Tartrazine recovery from berry surfaces 
Tartrazine was mixed (10 g/litre) with VDE emulsion (1%), alone and containing S240 at 
0.1, 0.2 and 0.5%. Treatments were mixed well and allowed to stand for 15 mins. They 
were shaken for 30 secs and 15 droplets (0.24 µl) were applied to individual berries 
(Thompson Seedless; 5 reps per time) with a microsyringe. Application standards were 
also applied directly into vials (3 reps per treatment). Treated berries were stored in 
beakers at 4°C until washoff at 0 h (droplet drydown), 24 h and 48 h after droplet 
application. Each berry was washed twice in 10 ml of distilled water for 15 secs, with 
agitation. Wash solutions were analysed by spectrophotometer (427 nm) to determine 
dye recoveries. 

 
Determining effect of temperature and oil type on drying emulsion spread on grapes 
In 2005 an alternative oil, Mistral, was offered to growers for use in drying emulsions. The 
relative spreading performance of the two oils in emulsion was unknown, as was the effect 
of Mistral on the spreading properties of the oil spreader, Break-Thru TurboDry. 
 
VDO and VDE emulsions and the equivalent Mistral emulsions (all containing oil:potash at 
5:6) were mixed at 1% and equilibrated at 20°C and 35°C. Their spreading was determined at 
5 mins after treatment on White Thompson Seedless grapes equilibrated at the same 
temperatures. 



Further improve drying efficiency of bunches 

 57

 
Statistical analysis 
Spreading data were analysed by ANOVA, using Statistix 8 (Analytical Software, USA). 
Means were separated by LSD tests, at P=0.05. 

 
Results and Discussion 

 
S240 Stability tests 
 S240 solution (0.1%) had a pH of approximately 8 (Fig. 1). The addition of potash increased 
the alkalinity of this solution substantially, to pH >10. The rate of potash used in drying oil is 
typically 0.6 or 1.2%, providing a spray solution of pH 11-12. Such alkaline conditions could 
be highly detrimental to the superspreading ability of S240 (Policello et al. 1994). 
 

 
HAT = Hours after treatment 

 
Fig. 1. Effect of potash concentration on the pH of S240 solutions at 0 & 24 h after mixing. 
 
The superspreading ability of S240 was confirmed to be adversely affected by the addition of 
potash (Fig. 2). Superspreading decreased with increasing potash concentration and with 
increasing time spent in solution at high pH. 
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HAT = Hours after treatment 

 
Fig. 2: Effect of potash concentration on the spreading of S240 solutions over time, on leaves of 

cabbage seedlings. LSD (P0.05) = 0.7. 
 
VDE oil spreads more than VDO, due to the inclusion of the AS adjuvant, TurboDry 
(MacGregor & Gaskin 2005). The addition of S240 adjuvant to VDO and VDE emulsions (1%) 
greatly enhanced the spread of both on the surface of waxy cabbage leaves (Fig. 3, 0 h). 
Cabbage was used as a test species because it has similar surface wettability to a grape 
(Gaskin et al. 2005) After 16 h in solution, the superspreading ability of S240 had been 
reduced substantially, indicating that the adjuvant was not stable when mixed in solution 
with the oils for this length of time (Fig. 3). 
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Fig. 3: Effect of S240 (0.1%) on the spreading of VDO and VDE oils (1%) at 0 & 16 h after mixing, 

on leaves of cabbage seedlings. Means sharing common letters are not significantly 
different, LSD (P0.05). 

When S240 was mixed with VDO drying emulsion (which included oil+potash), it enhanced 
droplet spreading for at least 1 h after mixing (Fig. 4a). Spreading increased with increasing 
S240 concentration. The superspreading properties of S240 deteriorated within 4 h of mixing 
with VDO emulsion, spreading was significantly reduced at higher S240 concentrations.  

 
Fig. 4a: Effect of S240 concentration on the spreading of VDO emulsion (1%) up to 6 h after 

mixing, on cabbage. (* treatments are significantly different to 0 h (LSD (P0.05).= 4.8) 
 
A similar trend was observed when S240 was mixed with VDE emulsion (Fig. 4b). As 
expected, VDE emulsion spread more than VDO initially (cf. Fig. 4a). S240 addition spread 
this emulsion proportionally more than VDO, but probably not so much more that the extra 
cost of VDE was justified. S240 tended to be stable for less time in VDE than in VDO 
emulsion. 
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Fig. 4b: Effect of S240 concentration on the spreading of VDE emulsion (1%) up to 6 h after 
mixing, on cabbage. (* treatments are significantly different to 0 h (LSD (P0.05)= 4.7 ) 

 
Spreading tests on grapes confirmed the trends obtained on the test plant, cabbage. The 
addition of S240 at >0.2% significantly increased spreading of VDE emulsion, for up to 4 h 
after mixing (Fig. 5). The increases in spread were proportional to the increase in S240 
concentration, and higher concentrations provided greater spread, for longer. 

 
Fig. 5: Effect of S240 concentration on the spreading of VDE emulsion (0.5%) up to 24 h after 

mixing, on Muscat Italia grape berries. LSD (P0.05)= 4.8 
 
Determination of S240 rates for use in drying emulsions on grapes 
S240 was stable at 0.1-0.5% in VDO emulsion (1%) for >2 h (Fig. 6a). This is regarded as 
sufficient duration for use in wetting machines (A MacGregor, pers. com.). S240 tended to 
increase the spread of VDO proportionally with concentration. Spread of VDO emulsion 
(1%) could be increased by more than five-fold with the addition of 0.5% S240. 
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Fig. 6a: Effect of S240 concentration on the spreading of VDO emulsion (1%) up to 24 h 

after mixing, on Thompson Seedless grape berries. (* treatments are significantly 
different to 0 h, LSD (P0.05)= 2.6. 

Doubling the rate of VDO oil emulsion to 2% had little effect on its spreading on grapes (Fig. 
6b) as previously reported (Gaskin & Hofstee 2002). Addition of S240 to 2% VDO emulsion 
tended to provide slightly better spreading than with 1% VDO at the time of mixing (cf. Fig. 
6a), but results were variable by 4 h after mixing.  

 
Fig. 6b:  Effect of S240 concentration on the spreading of VDO emulsion (2%) up to 24 h 

after mixing, on Thompson Seedless grape berries 
 
There is probably little benefit to be gained, with respect to increased spreading, by 
increasing the use rate of the oil emulsion. Conversely, S240 can be added to both 1% and 2% 
VDO emulsion and should provide similar spreading. 
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As with VDO, S240 was stable in VDE emulsion (1%) for >2 h after mixing, except at the 
highest rate (Fig. 6c). Emulsion spread increased with increasing S240, similar to that with 
VDO. S240 tended to spread VDE more than VDO, except at the highest S240 concentration 
(cf. Fig. 6a). 

 
Fig. 6c: Effect of S240 concentration on the spreading of VDE emulsion (1%) up to 24 h 

after mixing, on Thompson Seedless grape berries. (* treatments are significantly 
different to 0 h, LSD (P0.05) = 2.7. 

Tartrazine dye stability tests 
 
The sensitivity of tartrazine dye was reduced by approximately 25% in solution with drying 
emulsions (Fig. 7). This was probably due to the potash component, which reduced 
tartrazine sensitivity by this amount in the absence of oils or adjuvants. The different oil 
emulsions had no effect on tartrazine sensitivity. Tartrazine stability was unaffected by 
length of time in solution (up to 96 h after mixing), indicating it could be used confidently to 
monitor drying emulsion deposits on sultanas. Wash-off recoveries of tartrazine, applied in 
VDE emulsion (1%) with and without S240 addition, were satisfactory from berry surfaces 
for up to 48 h after application (Table 1). Emulsions did not significantly affect dye 
recoveries. This indicated tartrazine dye can be used as a tracer in field trials to monitor 
retention of drying emulsions on sultana grapes when wash-offs are undertaken within 48 h 
of spray application. 
 
Table 1: Wash-off recoveries of tartrazine dye (10 g/litre) in VDE emulsion applied to grapes 

(as % of applied dye) 
 

Hours after treatment Treatment 
0 24 48 

1% VDE emulsion     101.5 abc   98.8 bc 98.0 bc 
   + S240 (0.1%)     103.9 abc 95.4 c 97.2 bc 
   + S240 (0.2%)   105.3 ab   96.1 bc 96.3 bc 
   + S240 (0.5%) 108.8 a   100.9 abc 98.3 bc 
Mean 104.9 97.8 97.5 
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Means sharing common postscripts are not significantly different (LSD (P0.05). 
 
 

 
Fig. 7: Effect of oil+potash emulsions on the stability of tartrazine dye (8 g/litre) in solution up to 

96 h after mixing (Treatment 1 = VDO emulsion (1%), 2 = VDE emulsion (1%), 3 = 
VDO+S240 (0.25%), 4 = VDE+S240, 5 = potash (1.2%), 6 = tartrazine alone) 

 
 
 
 
 
Effect of temperature and oil type on drying emulsion spread on grapes 
Mistral oil spread similarly to VDO in 1% emulsion and while an increase in temperature 
slightly enhanced spreading, the effect was not significant (Fig. 8). With the addition of the 
AS oil spreader, TurboDry, VDO oil (=VDE) spread significantly more than Mistral 
+TurboDry. Again, temperature had no effect on the spreading of the AS adjuvant-enhanced 
oil emulsions. These results suggest it is probable that Mistral oil mixed with TurboDry will 
not give comparable drying efficacy to VDE. 
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Means sharing common postscripts are not significantly different (LSD (P0.05). 
 (Note: VDE = VDO+TurboDry) 
 

 
Fig. 8: Comparison of spreading of VDO and Mistral emulsions (1%) on Thompson Seedless 

grapes at 20 & 35° C, with and without the addition of TurboDry adjuvant. 
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Conclusions 
 

S240 superspreader has the potential to reduce spray volumes of drying emulsion applied to 
sultana grapes by up to 80%, which would remove the need for wetting machines. It is stable 
in the alkaline conditions of drying emulsion sprays for at least 2 hours after mixing. The use 
of Break-Thru TurboDry adjuvant in the tank may improve emulsion spreading with S240. 
S240 should be used at rates above 0.2%, preferably at 0.5%, to maximise its superspreading 
and stability. It can be used in emulsions containing up to 2% oil. The phytotoxicity of S240 
in drying emulsion sprays requires testing prior to field trials in the coming season. 
 
Tartrazine dye is a suitable tracer to include in drying emulsion sprays to monitor deposits 
on sultanas. It is stable in the spray solution and can be readily and consistently recovered 
from berry surfaces for up to 48 h after application. 
 
Mistral oil emulsion spread similarly to Victoria Fruit Drying Oil (VDO) emulsion on grapes. 
However, TurboDry adjuvant did not increase Mistral’s spreading to the same extent as it 
did VDO’s . Temperature (20° vs 35°C) had no effect on this. It is probable that Mistral 
emulsion + TurboDry may not perform equivalently to VDO + TurboDry in drying sultanas. 
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Recommendations 
 
• The phytotoxicity of drying emulsions containing S240 should be determined on intact 

vines in field trials under typical drying conditions. This is because the reduction in 
emulsion surface tension, provided by S240, combined with the large spray volume 
typically applied to vines, may permit undesirable stomatal infiltration of emulsion into 
uncut foliage. The following mixes are recommended: 

 
Tmt Emulsion 

(oil+potash) 
Emulsion conc 

% oil 
S240 conc 

% 
1 VDO 1 0 
2 VDO 1 0.1 
3 VDO 1 0.2 
4 VDO 1 0.5 
5  VDE 1 0.1 
6  VDE 1 0.2 
7 VDE 1 0.5 

 
• The efficacy of S240 in promoting sultana drying with emulsion applied at low spray 

volumes (25% of standard) should be determined in field trials. The following treatments 
are recommended: 

  
Tmt Emulsion 

(oil+potash) 
Emulsion conc 

% oil 
Spray 

application vol 
Litres/ha 

S240 conc 
% 

1 VDO 0.5 15,000 0 
2 VDO 1.0 3,750 0 
3 VDO 1.0 3,750 0.3 
4 VDO 1.0 3,750 0.5 
5  VDE 1.0 3,750 0 
6  VDE 1.0 3,750 0.3 
7 VDE 1.0 3,750 0.5 

 
It is suggested that spray volumes should be further reduced with S240, to e.g. 2000 L/ha, 
if excessive runoff occurs at 3750 L/ha. Excessive runoff will reduce the efficacy of drying 
emulsions. The aim should be to spray vines just to runoff with S240 sprays. 

 
• Cost-benefit analysis should be conducted on these treatments.  
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